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1.0  Introduction 


While  the  greening  of  weaponry  may  seem  contradictory, 
it  is  not.  Much  of  the  weaponry  prepared  for  the  U.S. 
Department  of  Defense  (DoD),  especially  larger  items,  is 
never  consumed  in  the  act  of  warfare,  but  is  only  a 
deterrent.  As  long  as  it  remains  a  deterrent,  preparing, 
maintaining,  and  disposing  of  (old  or  out-of-date) 
weaponry  are  acts  through  which  humans  and  the 
environment  interact  with  the  weaponry  and  the  resulting 
input  or  output  streams.  These  activities,  or  the  resulting 
emissions  and  consumption,  are  an  argument  for  the 
greening  of  weaponry,  in  fact,  current  DoD  policy  has 
elevated  environmental  considerations  to  an  equivalent 
level  of  importance  with  cost  and  performance  (Perry, 
1994). 

The  Strategic  Environmental  Research  and  Development 
Program  (SERDP)  is  a  cooperative  effort  between  the 
DOD  and  the  Department  of  Energy  (DOE)  to  investigate 
Clean  Agile  Manufacturing  of  Propellants,  Explosives,  and 
Pyrotechnics.  Coupled  with  DoD  policy  initiatives  (outlined 
in  1994  by  then  Secretary  Perry),  the  SERDP  activity 
seeks  to  investigate  and  develop  new  and  improved 
materials  and  processes  that  are  Intended  to  provide 
pollution  prevention  benefits  of  50  percent  to  90  percent 
reduction  in  Federally-regulated  wastes.  Within  the 
diagnostic  and  analytical  component  of  this  effort,  several 
evaluative  tools  and  techniques  are  being  evaluated, 
adapted  for  use  in  the  DoD  setting,  and  eventually 
exported  to  the  weapons  system  design  and  development 
teams  for  application  as  routine  procedures  in  system 
acquisition. 

With  these  goals  in  mind  and  in  cooperation  with  the  US 
EPA  through  the  Life  Cycle  Engineering  and  Design 
Project,  SERDP  set  out  to  investigate  the  usefulness  of 
life  cycle  assessment  (LCA)  methods  to  assess  the  green¬ 
ness  of  a  weapon  system  through  a  demonstration  project. 
The  goals  of  this  study  are  two-fold.  One,  the  application 
of  LCA  to  provide  a  key  part  of  the  information  basis  for 
improvements  is  to  be  demonstrated.  Two,  the  general 
approach  to  life-cycle  improvement  assessment,  as 
adapted  to  DoD  applications,  is  to  be  developed  and 
ultimately  disseminated  to  the  users.  The  munition  chosen 
for  the  study  was  the  GBU-24  Earth-Penetrating  Bomb. 


Reasons  for  choosing  this  munition  include:  1)  substitutes 
for  the  RDX-based  explosive  core  are  currently  being 
investigated;  trinitroazetidine  (TNAZ)  is  one  compound 
being  considered,  2)  other  complementary  manufacturing 
improvements  are  underdevelopment,  and  3)  Los  Alamos 
National  Laboratory  has  previously  prepared  an  extensive 
systems  model  of  the  manufacturing  operations  and 
environmental  profile  for  the  RDX-based  GBU-24. 

Life  Cycle  Assessment  (LCA)  is  a  holistic  method  for 
examining  the  impact  of  a  product  or  process  on  the 
environment.  In  an  LCA  the  act  of  producing  or  processing 
is  linked  mathematically  with  activities  occurring  upstream 
(prior  to  the  process  of  interest)  and  downstream  (after  the 
product  of  interest).  These  mathematical  links  allow  the 
analyst  to  relate  the  contribution  of  the  product  or  process, 
as  well  as  each  upstream  or  downstream  contributing  or 
supporting  process,  to  the  net  system  emissions  or 
consumption  resulting  from  the  act  of  producing  and  using 
a  product  or  process.  The  International  Standards 
Organization  (ISO)  has  developed  two  standards 
governing  LCA.  Standard  14040  describes  the  general 
principles  and  framework  of  LCA  and  Standard  14041 
provides  more  detailed  information  on  goal  and  scope 
definition  and  inventory  analysis. 

An  LCA  typically  consists  of  several  distinct  phases.  The 
first  phase  is  Goals,  Scope,  and  Boundary  Definition. 
Here  the  purpose(s),  objective(s),  or  question(s)  to  be 
answered  through  conduct  of  the  LCA  are  defined,  as  is 
the  extent  of  the  system  to  be  modeled  —  what  processes 
are  or  are  not  intended  to  be  included,  i.e.,  the  system 
boundary.  According  to  the  ISO  standard,  in  defining  the 
scope,  the  following  items  shall  be  considered  and  clearly 
described: 

•  Function 

•  Systems  to  be  studied 

•  Allocation  procedures 

•  Assumptions 

•  Initial  data  quality  requirements 

•  Type  and  format  of  study  report 

•  Functional  unit 

•  System  boundaries 
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•  Data  requirements 

•  Limitations 

•  Type  of  critical  review  (if  any). 

The  second  phase  is  the  Life  Cycle  Inventory  (LCI),  which 
is  the  tabulation  of  the  emissions  and  consumption 
associated  with  a  product  or  process.  Life  Cycle  Impact 
Assessment  (LCIA)  is  the  third  phase.  Here  emissions  or 
consumption  terms  are  linked  to  environmental  problems 
such  as  Global  Warming  Potential,  Resource  Depletion,  or 
Human  Health.  The  final  phase  is  Interpretation.  During 
this  phase,  the  systems  data  are  analyzed  to  determine 
which  materials  and  processes  contribute  most  to  the 
results  and  to  identify  aspects  in  which  the  baseline  and 
alternative  systems  are  or  are  not  discernibly  different. 
These  phases  are  interrelated  and  iterative.  Life  Cycle 
Improvements  Assessment  (LCImA)  is  but  one  of  a 
number  of  uses  to  which  the  interpretation  might  be 
directed.  Here  the  results  of  the  LCI  and  LCIA  are 
interpreted  and  qualitative  evaluations  of  potential 
environmental  improvements  are  identified. 

For  this  improvement  assessment,  only  the  the  LCI  stage 
was  conducted.  These  activities  were  conducted  in  accord 
with  the  U.S.  EPA  technical  guidance  manual  (1993)  for 
LCI  studies.  A  parallel  study  (U.S.  EPA,  1997b)  on  the  life 
cycle  impacts  associated  with  the  RDX-based  GBU-24 
system  was  used  as  a  reference  in  estimating  the  impacts 
associated  with  the  TNAZ-based  GBU-24.  The  inventory 
data  for  the  RDX-based  GBU-24  are  identical  for  each 
study. 
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2.0  Goals,  Scope  and  Boundary  Definition 


Goal  Definition 

During  the  period  1993-95  the  baseiine  resource  use 
and  poiiution  burdens  for  the  iife  cycie  of  the  GBU  24 
BIB  earth  penetrator  bomb  unit  were  examined  using  a 
combination  of  primary  data  coiiected  from  the 
production  sites  and  secondary-modeied  data  and 
literature  information  for  commercial  operations  such  as 
steel  and  ammonia  production.  This  study  was 
conducted  by  the  Los  Alamos  National  Laboratory.  This 
information  showed  certain  pollutional  characteristics 
associated  with  both  the  batch  production  of  the  RDX 
and  aluminum  fill  used  in  the  GBU24  and  the 
environmental  burdens  associated  with  on-site-  and  off¬ 
site-produced  electricity  and  steam.  Several  alternative 
materials  and  processes  are  in  various  stages  of 
development  and  could  function  as  either  replacement 
components,  alternative  processing  technologies,  or 
substitute  materials. 

The  goal  of  this  life  cycle  inventory  study  is  to  compare 
one  such  alternative  energetic  material,  trinitroazetidine 
(TNAZ),  with  the  baseline  RDX  (royal  demolition 
explosive)  energetic  material.  Although  the  primary 
implementation  of  this  goal  involved  the  development  of 
data  modules  pertaining  to  TNAZ  production,  certain 
other  changes,  necessitated  by  the  different  physical 
and  chemical  properties  of  TNAZ,  were  required  to  be 
introduced  into  the  baseline.  These  other  differences  are 
summarized  below  and  discussed  in  greater  detail 
further  in  the  body  of  the  inventory  report. 

TNAZ,  like  RDX,  is  compounded  into  the  explosive  mix 
and  fill  material  (CXM7  and  PBXN109  in  the  case  of 
RDX)  by  blending  it  with  other  ingredients.  It  is  likely  that 
in  actual  production  the  blend  would  be  tailored  to  the 
specific  characteristics  of  TNAZ.  However,  for  purposes 
of  this  inventory,  which  was  configured  to  allow 
examination  of  TNAZ  as  a  “drop-in”  replacement  for 
RDX,  the  fill  material  selected  was  an  80:20  mixture  of 
TNAZ  and  aluminum,  identical  to  that  used  in  the 
current  GBU24. 

Production  of  TNAZ  uses  very  different  starting 


materials  than  RDX.  Hence,  the  upstream  operations 
were  characterized  on  the  basis  of  commercial 
production  activities  and  secondary  data  sources. 
Depending  on  the  amounts  produced,  actual  production 
may  determine  that  certain  of  the  precursors  could  be 
produced  by  government-owned,  contractor-operated 
(GOCO)  facilities.  Such  GOCO  facilities  could  be 
located  at  the  existing  sites  for  production  of  RXD-based 
munitions  or  at  a  greenfield  site. 

•  In  the  original  baseline  inventory,  the  time 
distribution  of  resource  consumption  and  emissions 
was  based  on  assumptions  about  the  peacetime 
production  rates  and  the  expected  operational 
obsolescence  of  the  stockpile  of  GBU24.  Since  no 
logistics  setting  has  been  uniquely  defined  for  the 
TNAZ-based  item,  it  was  assumed  that  the 
operational  deployment  activities  would  be 
performed  similarly  except  for  the  actual  steps  in 
demilitarization  efforts  that  are  specific  to  the 
physical  properties  of  TNAZ. 

•  TNAZ  has  never  been  produced  on  a  commercial 
scale.  Therefore,  it  is  impossible  to  obtain  resource 
use  and  emissions  information  from  actual  full-scale 
operations.  Instead  the  data  developed  from  smaller 
scale  (1  kg  to  1 ,000  kg)  syntheses  was  scaled  to 
approximately  commercial  engineering  operations 
through  use  of  process  simulation  and  thermo¬ 
dynamic  computation  models  to  assess  ancillary 
operational  requirements. 

•  Due  to  data  problems  with  a  subcontractor,  not  all  of 
the  data  detail  specified  in  the  preliminary  goal 
definition  and  scoping  were  obtained.  This  neces¬ 
sitated  the  assumption  that  certain  process  energy 
requirements  for  a  TNAZ-filled  GBU  would  be 
identical  to  those  for  the  current  GBU.  This  is 
unlikely  to  be  entirely  the  case;  however,  given  the 
data  deficiency  no  other  pathway  was  available. 

Scope  Definition 

The  intended  scope  of  this  study  is  the  inventory 
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analysis  of  TNAZ  as  a  drop-in  replacement  energetic  fill 
material  for  RDX  in  a  GBU-type  end  item.  The  inventory 
covers  the  cradle-to-grave  activities  of  the  alternative 
system  in  a  manner  similar  to  that  of  the  baseline 
inventory.  Specifically  omitted  are  wartime  deployment 
and  stockpile  replenishment  and  shipboard  readiness 
activities.  Also,  in  keeping  with  the  boundaries  of  the 
original  inventory,  the  resource  use  and  emissions  from 
RD&D  activities  during  system  development  were 
excluded.  In  fact,  these  activities,  particularly  laboratory 
scale  syntheses  using  alternative  chemistries,  engin¬ 
eering  scale  up  trials,  and  qualification  testing  all  have 
the  potential  to  be  contributory  to  the  life-cycle  profile. 
However,  in  the  interest  of  showing  the  current  profile 
for  an  "as-deployed"  end  item,  these  early  stage 
contributions  were  omitted.  All  other  operations  from 
initial  raw  materials  manufacturing  to  ultimate  demil¬ 
itarization  were  included  in  the  system  boundaries. 

This  study  was  conceived  as  including  only  an  inventory 
analysis.  Although  an  equivalency-based  life-cycle 
impact  assessment  has  been  produced  for  the  RDX- 
based  item,  resources  did  not  permit  a  parallel  effort  for 
the  TNAZ  case  study.  Therefore,  data  collection  and 
associated  quality  goals  were  specified  for  an  inventory 
analysis.  No  external,  third  party  critical  review  was 
identified  as  needed  for  the  study.  However,  peer  review 
was  provided  by  the  sponsoring  organizations  directly 
(U.S.  ERA)  and  indirectly  (U.S.  Army). 

The  report  format  was  designed  to  communicate  clearly 
with  the  intended  users.  As  noted  in  the  introduction, 
there  are  two  groups  of  users  within  the  acquisition  team 
—  the  process  and  system  designers  and  the  weapons 
system  program  managers  and  supervisory  staff.  In  the 
former  group,  it  is  most  important  to  illustrate  the  details 
of  which  activity  steps  are  contributory  to  the  overall 
environmental  burdens.  In  the  latter  group,  it  is 
important  to  have  the  ability  to  compare  the  two  different 
fill  alternatives  with  respect  to  DOD-controlled  versus 
commercial  sector  activity  and  to  distinguish  wastes  that 
“count”  towards  the  pollution  prevention  reduction  goal 
(i.e.,  are  listed  wastes  in  RCRA,  the  Clean  Water  Act,  or 
other  legislation  from  the  total  environmental  burdens), 
e.g.,  carbon  dioxide  contributions  to  global  warming. 
These  latter  wastes  may  be  used  to  further  express 
general  improvements  in  the  overall  environmental 
profile,  but  do  not  address  achievement  of  the  stated  P2 
goal. 

Boundary  Definition 

For  each  system,  all  activities  from  acquisition  of  raw 
materials  (geologic  and  biotic  resources)  through 
ultimate  (peace-time)  disposal  were  included.  Excepted 
from  the  system  were  weapon  system  maintenance 


and/or  preparatory  activities,  for  example,  periodic 
maintenance  and  calibration  while  deployed  and  any 
military  use-readiness  activities.  Also  excepted,  as 
noted  above,  were  research  and  development  activities, 
and  testing  and  deployment  activities. 

Primary  materials  common  to  both  systems  include  iron 
ore,  limestone,  and  coal  for  the  bomb  body  and  crude  oil 
and  natural  gas  as  feedstocks  for  chemical  synthesis  or 
as  fuels.  Demilitarization  was  different  for  each  system. 
Both  systems  also  require  salt  and  a  source  of  nitrogen 
for  use  in  upstream  synthesis  operations.  The  systems 
differ  in  the  modes  of  acceptable  demilitarization. 
Physical  removal  of  the  RDX  followed  by  burning,  to 
reduce  volume,  is  the  disposal  method  for  RDX.  Melt- 
out  of  TNAZ  for  recycle  into  other  munitions  is  the 
method  modeled.  In  each  case,  the  bomb  body  is 
recycled  via  the  scrap  steel  recycling  infrastructure. 
Although  it  may  be  possible  to  reuse  the  bomb  body  with 
only  minor  refurbishment  in  the  case  of  TNAZ,  this 
operation  was  not  modeled. 
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3.0  System  and  Inventory  Module  Descriptions 


The  GBU-24  is  an  earth  penetrator  bomb  equipped  with 
a  laser  guidance  package  designed  to  penetrate  up  to  6 
feet  of  reinforced  concrete.  As  shown  in  Figure  3-1 ,  the 
assembled  item  consists  of  several  component  and 
subcomponent  parts.  The  BLU-109  bomb  body  is  the 
largest  physical  component  and  contributes  the  majority 
of  the  material  mass  to  the  system.  The  other 
components  listed  were  not  included  because  they  are 
minor  in  comparison  and  are  readily  reused  in  any 
event.  Within  the  BLU-109,  the  bomb  case  itself  is  the 
largest  source  of  material  (approximately  70  percent  of 
the  total  weight)  and  efforts  are  underway  to  evaluate 
ways  to  reduce  pollution  from  its  manufacture  through 
recycling  of  the  steel.  Approximately  27  percent  of  the 
total  comes  from  the  explosive  fill.  The  PBXN-109  is  a 
blend  of  four  components:  CXM-7  explosive  mix, 
aluminum  powder,  thermoset  plastic  binder,  and 
miscellaneous  other  blending  and  forming  agents. 
About  3  percent  of  the  mass  is  contributed  by  thermal 
insulation  applied  to  the  bomb  exterior  and  asphalt 
interior  liner. 

The  work  flow  representation  of  the  RDX-based  GBU-24 
life  cycle  is  illustrated  in  Figure  3-2.  Raw  materials  are 
sourced  for  the  energetic  materials  production  from 
commercial  commodity  chemical  producers.  The 
synthesis  of  RDX,  together  with  the  coating  and  blending 
to  manufacture  CXM-7,  is  provided  by  Holston  Army 
Ammunition  Plant  (HSAAP)  in  Kingston,  TN.  The  CXM-7 
is  then  shipped  to  McAlester  Army  Ammunition  Plant 
(MCAAP)  in  McAlester,  OK.  Load/assemble/pack 
(L/A/P)  operations  are  performed  at  MCAAP,  which 
includes  blending  the  CXM-7  with  aluminum  and  other 
additives  to  produce  the  plastic-bonded  explosive  used 
for  the  GBU-24.  The  steel  bomb  bodies  are  also  shipped 
to  MCAAP  from  a  commercial  producer  (National 
Forge). 

For  the  TNAZ-based  munition  it  was  assumed  that  a 
similar  arrangement  would  be  maintained.  Precursor 
materials  to  the  explosives  are  purchased  from  various 
suppliers.  Munition  disassembly  and  explosive  destmc- 
tion  or  reclamation  occurs  at  Indian  Head  Naval  Surface 
Warfare  Center  (IHNSWC).  Currently  RDX  is  burned 


and  the  resulting  ash  disposed  of  in  a  landfill.  One 
advantage  of  TNAZ  is  that  it  can  be  reclaimed  and 
reused  a  number  of  times.  The  reclamation  operation 
was  also  assumed  to  occur  at  Indian  Head.  Each  system 
requires  transport  of  materials  or  munitions,  and 
consumes  an  amount  of  electricity  generated  off-site. 

For  the  two  systems,  the  L/A/P  operations  at  McAlester 
were  assumed  to  be  almost  identical  in  that  TNAZ  was 
assumed  to  be  a  true  "drop-in"  replacement  for  RDX. 
This  is  not  exactly  the  case  since  TNAZ  has  a  greater 
energy  density  and,  thus,  needs  some  additional  filler  to 
increase  the  mass  and  volume  of  TNAZ-based  ex¬ 
plosive  material  in  the  GBU-24  in  order  to  maintain  its 
flight  characteristics. 

One  other  point  to  consider  is  the  state  of  development 
of  each  of  the  two  systems.  The  RDX-based  munition 
has  been  produced  for  a  number  of  years,  hence 
optimization  of  the  system  with  regard  to  yield  and 
energy  efficiency  is  near  maximum.  The  TNAZ-based 
system  is  still  in  the  lab  scale/pilot  scale  developmental 
stage.  While  much  optimization  has  taken  place  (more 
than  an  order  of  magnitude  reduction  in  total  waste  per 
pound  of  TNAZ  produced  was  achieved  between  1993 
and  1996  alone),  it  is  thought  that  more  will  occur, 
especially  as  the  system  is  scaled  up  to  production 
quantities.  The  TNAZ  system  modeled  in  this  LCI  is  a 
hybrid  of  lab  and/or  pilot  scale  developments  with  some 
potential,  and  highly  probable,  modifications  to  increase 
yield  or  energy  efficiency,  or  change  the  input  resource 
to  those  thought  to  be  cause  less  environmental  harm. 

RDX-Based  System 

A  baseline  inventory  (LCI)  of  the  current  GBU-24  earth 
penetrator  bomb  was  conducted  during  1993  and  1994 
(the  data  basis  was  1992  operations).  That  effort 
attempted  to  adhere  very  closely  to  the  LCI 
methodology  described  in  Society  of  Environmental 
Toxicology  and  Chemistry  (SETAC)  and  U.S.  ERA 
technical  guideline  publications  (U.S.  ERA,  1993). 
Rreliminary  results  of  that  analysis  have  been  reported 
in  several  forums  and  publications  (Ostic,  1994;  Brown, 
1995;  Newman  and  Hardy,  1995)  and  are  briefly 
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summarized  below.  Numerous  organizations  supplied 
information  for  the  baseline  effort  including  the 
following. 


Toxics  Release  Inventory  (TRI) 

Resource  Conservation  and  Recovery  Act 
(RCRA). 


•  Commercial  Raw  Materials  Production,  Fuels 
Acquisition,  and  Electric  Power  Generation:  Battelie 
Columbus 

•  Intermediate/Fill  Materials  Production  and  L/A/P 
Operations:  Hoiston  and  McAlester  Army 
Ammunition  Plants 

•  Use/Maintenance  and  Demil  Operations:  Naval 
Surface  Warfare  Center,  and  Coordination  of 
inventory  Data  Assembiy:  Engineering  Systems 
Analysis  Department,  Los  Alamos  National 
Laboratory. 

Assembly  and  validation  of  the  data,  together  with  the 
modeling  of  the  system  resource  consumption  and 
environmental  burdens,  was  performed  by  the 
Technology  Modeling  and  Analysis  Group  at  LANL.  The 
environmental  emissions  and  energy  and  resource 
consumption  output  from  this  modei  was  provided  to 
Battelie. 

Modeling  of  the  GBU-specific  manufacturing  operations 
was  performed  in  considerabiy  greater  detail  than  for  the 
commercial  sector  activities.  This  was  done  for  several 
reasons,  not  the  least  of  which  was  the  fact  that  the  span 
of  control  of  DoD  for  influencing  such  major  industrial 
activities  as  steel  and  ammonia  manufacture  is  limited. 
Table  1  illustrates  the  specific  activities  and  process 
streams  included  in  the  LANL  LCI  model. 

Battelie  tabulated  the  inventory  data  provided  by  LANL 
in  two  dimensions.  The  first  dimension  was  iife  cycie 
stage  as  Precursor  production,  HSAAP  operations, 
MCAAP  operations,  IHNSWC  operations. 
Transportation,  Waste  Management,  and  Eiectricity 
production,  in  order  to  relate  emissions  to  the  scope  of 
control  of  the  involved  entities.  The  second  dimension 
was  regulatory  status:  Listed  or  Non-list ed.  Listed  wastes 
are  those  explicitly  mentioned  in  any  of  the  following 
Federal  environmental  regulations,  and  are  those  to 
which  the  pollution  prevention  goals  mentioned  above 
are  directed. 

•  Comprehensive  Environmental  Restoration, 
Compensation  and  Liability  Act 
(CERCLA/Superfund) 

•  Toxic  Substances  Controi  Act  (TOSCA) 

•  Ciean  Water  Act  (CWA) 

•  Clean  Air  Act  and  Amendments  (CAAA) 

•  Superfund  Amendments  and  Reauthorization  Act 
(SARA) 
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GBU-24  is  a  Conventional  Explosive  Earth  Penetrator  Weapon 


7 


GBU-24  Lifecycle  Model 


Table  3-1.  Summary  of  Data  Included  in  LANL  RDX-based  GBU-24  Life  Cycle  Inventory 

Consumption 

Process  or  Activity  Resources  Enerqy  Air 

Emissions 

Water 

Solid  Waste 

Geologic  and  Biotic  Resource  Extraction 

Bauxite 

Included 

Included 

Included 

Included 

Included 

Coal 

Included 

Included 

Included 

Included 

Included 

Iron  Ore 

Included 

Included 

Included 

Included 

Included 

Limestone 

Included 

Natural  Gas 

Included 

Included 

Included 

Included 

Included 

Petroleum 

Included 

Included 

Included 

Included 

Included 

Intermediate  Materials  Manufacture 

Acetic  Acid 

Included 

included 

Included 

Included 

Acetone 

Included 

Included 

Included 

Included 

included 

Aluminum 

Included 

Included 

Included 

Included 

included 

Ammonia 

Included 

Included 

Included 

Included 

Coke 

Included 

Cyclohexanone 

Dioctyl  adipate  (DOA) 

Formaldehyde 

Included 

Included 

Included 

Hexamine 

included 

included 

Included 

Nitric  acid 

Included 

included 

Included 

Included 

Nitrogen 

Included 

Oxygen 

Included 

Propyl  acetate 

Steel 

Included 

Included 

Included 

Included 

Steel  Forging 

included 

Included 

Trichloroethane 

Triethyl  phosphate 

Holsten  AAP 

Acetic  acid  Production 

Included 

Included 

Included 

Included 

Included 

Acetic  anhydride  Concentration 

Included 

Included 

Included 

Included 

Included 

Area  A  Steam  Plant 

Included 

Included 

Included 

Included 

Included 

Explosives  Plant 

Included 

Included 

included 

Included 

Included 

Nitric  acid  Production 

Included 

Included 

included 

included 

Spent  acid  Recovery 

Included 

Included 

Included 

Included 

Nitric  acid  Concentration 

Included 

included 

included 

Included 

Nitric  acid  -  Ammonium  nitrate 

Included 

Included 

included 

Included 

Production 

Industrial  Wastewater 

Included 

Included 

Included 

Included 

Treatment  Plant 

Filtered  Water  Production 

Burning  Ground 

Incinerator 

McAlester  AAP 

Inert  Preparation 

Included 

Included 

Included 

Included 

Receiving 

Included 

Included 

Mixing 

included 

Included 

Included 

Included 

Casting 

Included 

Included 

Included 

Included 

included 

Bomb  Seal 

Included 

Included 

Included 

Included 

Final  Assembly 

Included 

Included 

Radiography 

Included 

Included 

Chemical  Laboratory 

Included 

Included 

Included 

Included 

Boiler 

included 

Included 

Included 

Demilitarization 

Disassembly 

Included 

Water  Jet  Washout 

Included 

Included 

Included 

included 

Solvent  Soak 

Included 

Included 

Included 

Included 

Burning  Ground 

Included 

Included 

Included 

Water  Treatment 

Included 

Off-site  Electricity  Generation 

Coal-fired  Plant 

Included 

Included 

Included 

Included 

Diesel-fired  Plant 

included 

Included 

Included 

Natural  gas-fired  Plant 

Included 

Included 

Included 

National  Grid 

Included 

Included 

Included 

Included 

Included 

Transportation 

Transportation 

Included 

Included 

Included 

Included 

Included 
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TNAZ-based  System 

The  approach  to  modeling  the  life  cycle  of  the  TNAZ- 
based  munition  was  a  straight-forward  replacement  of 
the  appropriate  processes  and  segments  of  the  RDX- 
based  system.  No  work  had  been  done  on  modeling  the 
TNAZ-based  system,  but  the  LANL  computational 
framework  and  engine  are  modular  so  that  appropriate 
TNAZ  specific  pieces  could  be  substituted.  Battelle 
undertook  the  generation  of  modules  for  precursors  to 
TNAZ  production,  along  with  modules  for  demilitar¬ 
ization  including  recycling  of  TNAZ.  This  modeling  effort 
entailed  preparing  process  characterizations  and  mass 
balances  for  each  needed  module.  Battelle  subcon¬ 
tracted  with  LANL  to  integrate  the  new  modules  into  the 
existing  computational  framework  to  make  adjustments 
to  the  model  for  changes  in  operations  and  emissions  at 
Holston  and  McAlester  that  would  result  upon  the 
substitution  of  TNAZ  into  the  GBU,  and  to  provide 
results  for  a  number  of  defined  scenarios.  The  task  of 
calculating  process  energy  requirements  and 


government-owned  facility  energy  infrastructure 
changes  necessary  to  support  TNAZ  manufacture  and 
use  was  also  subcontracted  to  LANL. 

The  modules  prepared  by  Battelle  included  formal¬ 
dehyde,  NIB-glycerol,  di-isopropylazodicarboxylate, 
triphenyl  phosphine,  acetic  anhydride,  tert-butylamine, 
sodium  hydroxide,  hydrochloric  acid,  hydrogen  peroxide, 
isopropanol,  2-butanone  (methyl  ethyl  ketone),  sodium 
nitrite,  potassium  ferrocyanide,  sodium  persulfate, 
methyl  tert-butyl  ether,  ferrous  chloride,  nitric  acid, 
ammonium  nitrate,  ethanol,  acetonitrile,  nitrogen, 
deionized  water,  Dow  2210  antifoaming  agent,  and  melt 
out  of  TNAZ  from  decommissioned  munitions.  Data  for 
these  modules  was  taken  from  the  LANL  work  on  RDX 
and  from  other  LCIs.  Some  modules  were  developed 
from  first  principles  of  chemical  engineering.  A  complete 
listing  of  calculations  and  data  sources  is  given  in 
Appendix  D,  while  data  sources  and  brief  descriptions 
are  given  in  Table  3-2. 


Table  3*2.  Summary  of  TNAZ-Based  LCI  Modules  Prepared  by  Battelle 


Module _ 

Formaldehyde 

Methanol 


Acetic  acid 

Manufactured  gas  or  Synthesis  gas 
Nitroethane 


Data  Sources _ 

Brown,  Hamel  and  Hedman,  1985 
Lowenheim  and  Moran,  1975;  McGraw  Hill,  1984; 
U,S.  ERA.  1985;  Kirk-Othmer,  1991;  CRC  Press. 
1986 

Lowenheim  and  Moran,  1975 
Kirk-Othmer,  1964 

Kirk-Othmer,  1978;  W,R.  Grace  Co.,  1992 


Nitric  acid  and  Ammonium  nitrate  Holston  Defense  Corporation 


Diisopropyidiazodicarboxylate 

Phosgene 

Ammonia 

Sodium  hydroxide 

Sulfuric  acid 


McGraw  Hill,  1984;  U,S.  EPA,  1985;  CRC  Press. 
1986. 

Lowenstein  and  Moran,  1975;  McGraw  Hill,  1984; 
CRC  Press,  1985;  U.  S.  EPA.  1985;  SRI,  1993 
U.S.  EPA,  1985;  U.S.  DOE.  1994;  U.S.  EPA,  1995; 
U.S.  DOE,  1993 
SimaPro  3.0, 1994 

U.S.  EPA,  1995;  Fertilizer  Institute,  1982 


Monochlorobenzene 


Benzene 

Isopropanol 


Propylene 

Phosphorus  trichloride 


Lowenheim  and  Moran,  1974;  McGraw  Hill,  1984; 
U.S.  EPA,  1985;  Kirk-Othmer,  1964;  U.S.  ITC,  1994 

SimaPro  3.0, 1994 

Lowenheim  and  Moran,  1975;  McGraw  Hill,  1984; 
U.S.  EPA,  1985;  SRI,  1993;  U.S.  ITC.  1994;  CRC 
Press,  1985 
SimaPro  3.0 


Acetic  anhydride 
Acetic  acid 


Methyl  Ethyl  Ketone 


Butylene 


Holston  Defense  Corporation 

Lowenheim  and  Moran,  1975;  McGraw  Hill,  1984; 

U.S.  EPA,  1985;  Kirk-Othmer.  1964;  CRC  Press. 
1986 

Lowenheim  and  Moran,  1975;  McGraw  Hill,  1984;  U.S 
EPA,  1985;  SRI,  1993;  U.S.  ITC,  1994;  CRC  Press, 
1986 

SimaPro  3.0, 1994 


Notes _ 

Production  of  formaldehyde  from  methanol. 
Engineering  calculations  for  methanol  production  as 
part  of  acetic  acid  production. 

Production  of  acetic  acid  from  methanol. 

Production  of  synthesis  gas  from  coal. 

Co-production  of  nitro  compounds:  nitroethane, 
nitromethane,  nitropropane,  from  nitrogen  and  light 
hydrocarbons. 

Co-production  of  nitric  acid  and  ammonium  nitrate  at 
Holston  AAP. 

Engineering  calculations  of  emissions  and  energy  and 
resource  consumption  from  DIAD  production. 
Engineering  calculation  of  emissions  and  energy  and 
resource  consumption  for  phosgene  production. 
Production  of  fertilizer  quality  ammonia. 

Co-production  of  sodium  hydroxide,  chlorine  and 
hydrogen  via  electrolysis  of  brine. 

Production  of  sulfuric  acid  via  the  phosphate  wet 
method. 

Engineering  calculation  of  emissions  and  resource  and 
energy  consumption  for  monochlorobenzene 
production. 

European  production  of  technical  grade  benzene. 
Engineering  calculation  of  emissions  and  resource  and 
energy  consumption  from  isopropanol  production. 

European  production  of  monomer  quality  propylene. 
Engineering  calculations  of  emissions  and  energy  and 
resource  consumption  for  phosphorus  trichloride 
production. 

Production  of  acetic  anhydride  at  Holston  AAP. 
Engineering  calculation  of  emissions  and  resource  and 
energy  consumption  for  acetic  acid  production. 

Engineering  calculation  of  emissions  and  resource  and 
energy  consumption  for  MEK  production. 

European  production  of  monomer  quality  butylene. 
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Module 

Data  Sources 

Notes 

Methyl  tert-Butyl  Ether 

Lowenheim  and  Moran,  1975;  Me  Graw  Hill,  1985; 
U.S.  EPA,  1985;  SRI.  1993;  U.S.  ITC,  1994;  CRC 
Press,  1986 

Engineering  calculation  of  emissions  and  resource  and 
energy  consumption  during  MTBE  production. 

Ethanol  (via  Fermentation  from  Corn 
Sugars) 

Numerous 

Production  and  harvesting  of  com.  Transportation  of 
corn  to  processing  center.  Milling  of  com  to  separate 
sugars  and  starches  from  fiber. 

Acetonitrile 

Demilitarization 

Lowenheim  and  Moran,  1975;  Me  Graw  Hill,  1985; 
U.S.  EPA,  1985;  SRI,  1993;  U.S.  ITC,  1994;  CRC 
Press,  1986 

Engineering  calculation  of  emissions  and  resource  and 
energy  consumption  during  co-production  of  aceto¬ 
nitrile  and  acrylonitrile. 

Engineering  calculations  of  emissions  and  resource 
and  energy  consumption  during  demilitarization. 

A  number  of  assumptions  were  made  for  the  TNAZ  - 
based  system  LCI.  First,  energy  consumption  would  be 
similar  for  both  the  RDX-based  and  TNAZ-based 
systems  so  that  the  RDX-based  energy  consumption 
information  could  be  used  in  the  TNAZ-based  system 
LCI.  Second,  the  transportation  infrastructures  for  the 
two  systems  were  identical.  Given  that  manufacturing 
operations  have  not  been  sited  for  the  processes  this 
appears  to  be  a  reasonable  approach.  If  direct  reuse  of 
the  bomb  body  proves  feasible  then  transportation 
emissions  and  energy  consumption  should  decrease  for 
the  TNAZ-based  GBU.  The  third  assumption  was  that 
the  electricity  generation  emissions  were  also  identical 
in  the  two  systems.  In  part,  these  assumptions  were 
necessary  to  complete  the  LCI  because  LANL  was  not 
able  to  provide  the  results  of  the  TNAZ-based  modeling 
in  sufficient  detail  to  allow  TNAZ-specific  substitutions  to 
be  developed  and  incorporated  into  the  LCI  and  verified. 
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4.0  Results 


The  detailed  life  cycle  inventories  are  presented  in 
Appendices  A  and  B  for  the  RDX-based  and  TNAZ- 
based  systems,  respectively.  The  following  tables  and 
figures  summarize  and  compare  the  results  presented  in 
Appendices  A  and  B.  For  most  of  the  results  presented 
in  the  tables  the  wastewater  emitted  during  production 
of  the  TNAZ-based  GBU-24  has  been  intentionally 
omitted.  Since  no  wastewater  emission  is  listed  for  the 
RDX-based  system  the  description  of  the  wastes  for  the 
two  systems  is  more  comparable  when  this  omission 
from  the  RDX-based  system  emissions  is  compensated 
for  by  ignoring  wastewater  emissions  from  the  TNAZ- 
based  system.  The  result  is  a  comparison  of  the  mass  of 
contamination  of  the  wastewater. 

Table  4-1  lists  Total  Emissions  from  each  of  the  two 
systems.  The  amounts  of  listed  and  non-listed  wastes 
are  also  given.  For  both  Total  Emissions  and  Listed 
Emissions  the  RDX-based  munition  has  significantly 
lower  emissions.  There  is  no  discernable  difference 
among  the  systems  for  Non-Listed  Emissions.  The 
results  are  presented  in  Figure  4-1. 

Table  4-1.  Total  Emissions  from  Systems  (in  pounds  per  GBU-24) 

Emission  RDX-based  TNAZ-based 

_ GBU-24 _ GBU-24 _ 

Listed  1,158  20,733 

Non-Listed  30,837  29,547 

Total _ 31 ,995 _ 50,280 

Less  wastewater  discharge  of  1 1 .654,826  ib. 

Emissions  by  environmental  compartment  also  tend  to 
favor  the  RDX-based  system  (see  Table  4-2  and  Figure 
4-2).  The  exception  being  Air  Emissions  where  no 
discernable  difference  exists  between  the  systems. 

Table  4-2.  Emissions  from  Systems  by  Environmental 
Compartment  (in  pounds  per  GBU-24) 

Compartment  RDX-based  TNAZ-based 

_ GBU-24 _ GBU-24 _ 

Air  Emissions  26,945  27,072 

Water  354  9,176 

Emissions 

Soiid  Wastes _ 4,697 _ 14,033 _ 

Less  wastewater  discharge  of  1 1 ,654,826  Ib. 


Tables  4-3  and  4-4  and  Figures  4-3  and  4-4  present  the 
results  for  Listed  and  Non-Listed  Emissions  by  point  of 
origin.  Emissions  for  Transportation,  Waste  Manage¬ 
ment,  and  Off-site  Electricity  Production  were  identical 
for  the  two  systems  since  the  RDX-based  system  data 
was  used  for  the  TNAZ-based  system.  The  RDX-based 
system  has  lower  emissions  of  Listed  Wastes  during 
Precursor  Production  and  at  Military  Facilities.  Non- 
Listed  Wastes  emitted  from  Military  Facilities  are  lower 
for  the  TNAZ-based  system. 


Table  4-3.  Listed  Emissions  for  Each  System  by  Point  of  Origin 
(in  pounds  per  GBU-24) 


Point  of  Origin 

RDX-based 

GBU.24 

TNAZ-based 

GBU-24<’> 

Precursors 

Production 

620 

7,640 

Military 

Facilities 

364 

12,919 

Transportation 

4 

4 

Waste 

Management 

0 

0 

Off-site 

Electricity 

Production 

169 

169 

Less  wastewater  discharge  of  1 1 ,654,826  Ib. 

Table  4-4.  Non -Listed  Emissions  for  Each  System  by  Point  of 
Origin  (In  pounds  per  GBU-24) 

Point  of  Origin 

RDX-based 

GBU-24 

TNAZ-based 

GBU-24<'> 

Precursors 

Production 

6.332 

6,291 

Military 

Facilities 

7.934 

6,685 

Transportation 

189 

189 

Waste 

Management 

773 

773 

Off-site 

15,609 

15,609 

Electricity 

Production 


Less  wastewater  discharge  of  1 1 ,654,826  Ib. 


Resource  consumption  is  also  much  less  for  the  RDX- 
based  GBU-24  (see  Table  4-5  and  Figure  4-5).  Again, 
however,  there  was  an  obvious  omission  from  the 
results  for  the  RDX-based  system  in  that  there  was  no 
water  consumption.  For  the  TNAZ-based  GBU-24  water 
consumption  amounts  to  almost  2.5  million  pounds.  The 
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values  in  the  table  and  figure  include  this  water 
consumption.  (Geologic  and  Biotic  Resources  are  raw 
materials  extracted  from  or  grown  on  the  earth  or 
oceans.  Intermediate  Materials  are  refined  products  that 
have  not  been  traced  back  to  geologic  or  biotic 
materials.  For  example,  crude  oil  is  a  geologic  resource, 
while  gasoline  is  an  intermediate  material.) 

Table  4-5.  Resource  Consumption  by  Systems  (in  pounds  per 
GBU-24) 

Resource  RDX-based  TNAZ-based 

_ 6BU-24 _ GBU-24 _ 

Geologic  and  20,133  6.372.692<’> 

Biotic 

Resources 

Intermediate  1 ,009  21 .846 

Materials  _ 

Includes  2.5  million  pounds  of  water  consumed 

Table  4-6  and  Figure  4-6  illustrate  the  geologic  and 
biotic  resource  consumption  by  stage.  Figure  4-7  and 
Table  4-7  present  the  results  for  intermediate  materials 
consumption.  Again,  data  for  Transportation,  Waste 
Management,  and  Off-site  Eiectricity  Production  are 
identical  for  the  two  systems.  Differences  in  resource 
consumption  are  not  discemable  between  the  systems 
for  any  stage  except  for  Precursor  Production,  where  the 
RDX-based  system  is  considerably  lower.  The  RDX- 
based  system  is  also  lower  for  Intermediate  Materials 
consumption  for  both  Precursor  Production  and 
consumption  at  Military  Facilities. 


Table  4-6.  Geologic  and  Biotic  Resource  Consumption  by  Stage 
(in  lb  per  GBU-24) 


Stage 

RDX-based 

GBU-24 

TNAZ-based 

GBU-24 

Precursor 

Production 

9,630 

6.361,792 

Military 

Facilities 

4,178 

4,575 

Transportation 

0 

0 

Waste 

Management 

100 

100 

Off-site 

Electricity 

Generation 

6,225 

6,225 

Table  4-7.  Intermediate  Materials  Consumption  by  Stage(in  lb  per 
GBU.24) 


Stage 

RDX-based 

GBU-24 

TNAZ-based 

GBU-24 

Precursor 

Production 

296 

14,268 

Military 

Facilities 

713 

7,578 

Transportation 

0 

0 

Waste 

Management 

0 

0 

Off-site 

Electricity 

Generation 

0 

0 

Energy  consumption  again  is  lower  for  the  RDX-based 
GBU-24,  by  a  wide  margin  (see  Figure  10).  Energy 
consumption  (all  energy  sources  considered)  was  151 
million  Btus  per  GBU-24  for  the  RDX-based  system  and 
1,954  million  Btus  per  GBU-24  for  the  TNAZ-based 
system.  For  the  RDX-based  system  it  is  73.4  percent 
derived  from  coal  and  19.8  percent  derived  from  natural 
gas,  with  the  balance  being  electricity  or  petroleum. 
Steam  (fuel(s)  unspecified)  was  the  primary  energy 
source  for  the  TNAZ-based  system  at  88.4  percent. 
Nuclear  energy  (5.2  percent)  and  coal  (3.8  percent)  are 
the  next  biggest  energy  sources. 

Table  4-8  and  Figure  4-9  illustrate  Energy  consumption 
by  stage.  Again  the  same  data  were  used  for  both 
systems  for  the  Transportation,  Waste  Management, 
and  Off-site  Electricity  Production  stages.  For  the 
remaining  stages,  Precursor  Production,  and  at  Military 
Fadlities,  the  RDX-based  system  consumes  much  less 
energy. 


Table  4-8.  Energy  Consumption  by  Stage  (in  Mbtu  per  GBU-24) 


Stage 

RDX-based 

GBU-24 

TNAZ-based 

GBU-24 

Precursor 

Production 

12 

148 

Military  Facilities 

61 

1,728 

Transportation 

1 

1 

Waste 

Management 

3 

3 

Off-site  Electricity 
Production 

73 

73 

Table  4-9  presents  a  summary  of  all  of  the  comparisons 
made  above.  For  each  comparison,  the  system  that  was 
the  most  environmentally  beneficial,  judged  as  less  is 
better,  was  indicated  on  the  table  with  a  A  difference 
between  the  systems  of  15  percent  was  used  to  judge 
which  was  better,  i.e.,  the  value  for  the  TNAZ-based 
system  had  to  be  more  than  1 5  percent  higher  or  lower 
than  the  value  for  the  RDX-based  system  in  order  for 
one  of  the  systems  to  be  judged  better.  If  the  values  for 
the  systems  did  not  differ  by  more  than  15  percent 
neither  was  judged  to  be  better.  The  value  of  15  percent 
was  chosen  based  on  the  experience  of  the  analyst.  As 
a  check  on  this  choice  a  10  percent  margin  was  also 
used.  The  information  in  Table  4-9  does  not  change  with 
a  10  percent  margin.  If  the  margin  is  changed  to  20 
percent,  the  outcome  of  one  comparison  changes. 
Instead  of  the  TNAZ-based  system  being  better  for  Non- 
Listed  Military  Facility  Emissions,  neither  system  is 
better. 

The  vaiue  chosen  for  the  margin  is  a  reflection  of  the 
perceived  data  quality.  The  higher  the  perceived  quality 
of  the  data  the  lower  the  margin  at  which  one  believes 
comparable  systems  can  be  differentiated.  Which  is  the 
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most  correct  value?  Battelle  recently  completed  a  LCI 
on  residential  nylon  carpet  for  the  U.S.  ERA  (1997a)  In 
which  the  propagation  of  error  in  an  LCI  was  studied. 
What  was  found  was  that,  for  the  carpet  system, 
individual  input  parameters  could  be  varied  by  as  much 
as  20  percent  with  95  percent  of  the  output  values 
varying  by  less  than  13  percent.  The  TNAZ-based 
system  LCI  contains  a  large  number  of  engineering 

Table  4-9.  Life  Cycle  Inventory  Sununary  Comparison 

_ Comparator _ 

Total  Emissions 
Listed  Emissions 
Non-Llsted  Emissions 
Air  Emissions 
Wastewater  Emissions 
Solid  Wastes 

Listed  Emissions  -  Precursor  Production 
Listed  Emissions  -  Military  Facilities 
Listed  Emissions  -  Transportation 
Listed  Emissions  -  Waste  Management 
Listed  Emissions  -  Off-site  Electricity  Production 
Non-Listed  Emissions  -  Precursor  Production 
Non-Llsted  Emissions  -  Military  Facilities 
Non-Listed  Emissions  -  Transportation 
Non-Llsted  Emissions  -  Waste  Management 
Non-Listed  Emissions  -  Off-site  Electricity  Production 
Total  Resource  Consumption 
Geologic  and  Biotic  Resources 
Intermediate  Materials 

Geologic  and  Biotic  Resources  -  Precursor  Production 

Geologic  and  Biotic  Resources  -  Military  Facilities 

Geologic  and  Biotic  Resources  -  Transportation 

Geologic  and  Biotic  Resources  -  Waste  Management 

Geologic  and  Biotic  Resources  -  Off-site  Electricity  Generation 

Intermediate  Materials  -  Precursor  Production 

Intermediate  Materials  -  Military  Facilities 

Intermediate  Materials  -  Transportation 

Intermediate  Materials  -  Waste  Management 

Intermediate  Materials  -  Off-site  Electricity  Generation 

Total  Energy  Consumption 

Energy  Consumption  -  Precursor  Production 

Energy  Consumption  -  Military  Facilities 

Energy  Consumption  -  Transportation 

Energy  Consumption  -  Waste  Management 

Energy  Consumption  -  Off-site  Electricitv  Generation 


estimates  for  emissions  and  consumption  simply 
because  the  system  has  not  been  scaled  up  and 
operated  at  full  scale  to  allow  measurements.  While 
these  are  engineering  estimates,  they  are  not  likely  to 
vary  by  more  than  20  percent  from  the  true  values. 
Therefore,  the  output  is  expected  to  vary  on  the  order  of 
15  percent,  as  it  did  for  the  carpet  LCI,  thus  the  choice 
of  a  15  percent  margin. 


RDX-based  GBU-24 


TNAZ-based  GBU-24 
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Emissions  (lb/GBU-24) 


Total  Emissions 


Emissions  {lb/6BU-24} 


Emissions  (ib/GBU-24) 


Consumption  (lb/GBU-24) 


Resource  Consumption 


intermediate  Materials  Consumption  by  Stage 


Figure  4-7.  Intermediate  materials  consumption  by  stage. 


Energy  Consumption 


Energy  Consumption 
(MBtu/GBU-24) 


Figure  4-8.  Energy  consumption. 


Energy  Consumption  by  Stage 


«  10,000 


Off-Site 
Energy 

Production  Management  Transportation 


Precursors 


TNAZ 
based 
RDX-  GBU-24 
based 

GBU-24  Munition 


Figure  4-9.  Energy  consumption  by  stage. 
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5.0  Discussion 


The  RDX-based  GBU-24  is  better  in  15  of  the  categories 
in  Table  4-9,  the  TNAZ-based  munition  in  one.  For  19 
of  the  categories  there  is  no  clear  winner  given  the  data 
available.  By  examining  Tables  4-1  through  4-8  it  can 
be  seen  that  where  the  RDX-based  munition  is  better  it 
is  generally  much  better,  whereas  the  TNAZ-based 
GBU-24  is  better  by  just  more  than  the  15  percent 
differentiability  margin. 

Given  the  relative  state  of  optimization  for  the  systems, 
it  is  reasonable  to  expect  the  gap  between  the  TNAZ- 
based  and  RDX-based  systems  to  narrow  for  those 
comparators  where  the  RDX-based  system  is  better. 
The  RDX-based  system  being  a  mature  technology 
would  not  be  expected  to  see  significant  changes  in 
emissions  or  consumption.  The  same  may  not  be  said 
for  the  TNAZ-based  system  since  much  work  on 
optimization  of  the  synthesis  reactions  is  occum’ng, 
which  will  be  followed  by  further  optimization  achieved 
through  large  scale  production.  This  action  would  be 
expected  to  tip  the  balance  away  from  the  RDX-based 
system  being  better  in  so  many  comparators. 

Other  unknowns  include  the  true  values  for 
Transportation-,  Waste  Management-,  and  Off-site 
Electricity  Production-related  emissions  for  the  TNAZ- 
based  system.  As  was  discussed  above,  no  data  were 
available  on  these  activities  from  the  LANL  modeling 
efforts  so  a  judgement  was  made  to  substitute  the 
equivalent  information  from  the  RDX-based  system. 


These  substitutions  directly  produce  ties  in  1 5  of  the 
comparators.  Some  of  these  values  are  probably  close 
to  the  true  value,  such  as  the  Transportation-related 
emissions  and  consumption  where  the  masses  and 
distances  traveled  may  not  change  much  between  the 
systems.  Emissions  from  Waste  Management  may 
actually  be  lower  than  modeled  for  the  TNAZ-based 
system  since  the  TNAZ  is  recycled;  however.  Resource 
and  Energy  Consumption  may  increase  since  the  TNAZ 
is  melted  out  of  the  bomb  casing.  Off-site  Electricity 
Production  Emissions  and  Consumption  are  also 
expected  to  decrease  since  the  amount  of  electricity 
used  for  the  TNAZ-based  system  is  approximately  one- 
half  that  used  for  the  RDX-based  system.  This  would 
have  the  effect  of  changing  seven  of  the  comparators 
from  a  tie  to  being  better  under  the  TNAZ-based  system 
(Total  Non-Listed  Emissions,  Air  Emissions,  Listed 
Emissions  -  Off-site  Electricity  Production,  Non-Listed 
Emissions  -  Off-site  Electricity  Production,  Geologic  and 
Biotic  Resource  Consumption  -  Off-site  Electricity 
Production,  Intermediate  Materials  Consumption  -  Off¬ 
site  Electricity  Production,  and  Energy  Consumption  - 
Off-site  Electricity  Production). 

Based  upon  this  qualitative  analysis  the  true  picture 
might  look  like  Table  5-1 .  The  RDX-based  munition  is 
better  for  18  comparators,  the  TNAZ-based  munition  for 
10,  and  which  of  the  two  systems  is  better  cannot  be 
determined  for  seven  comparators. 


Table  5-1.  Life  Cycle  Inventory  Summary  Comparison  (after  Qualitative  Adjustments  for  Data  Quality) 

_ Comparator  _ RDX-based  GBU-24 _ TNAZ-based  GBU-24 

Total  Emissions  ^  ~ 

Listed  Emissions  * 

Non-Listed  Emissions  ^ 

Air  Emissions  . 

Wastewater  Emissions  , 

Solid  Wastes  , 

Listed  Emissions  -  Precursor  Production  • 

Listed  Emissions  -  Military  Facilities 
Listed  Emissions  -  Transportation 

Listed  Emissions  -  Waste  Management  , 

Listed  Emissions  -  Off-sIte  Electricity  Production  , 

Non-Listed  Emissions  -  Precursor  Production 
Non-Listed  Emissions  -  Military  Facilities 
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_ Comparator _ RDX-based  GBU-24 _ TNA24)ased  GBU-24 

Non-Llsted  Emissions  -  Transportation 

Non-Listed  Emissions  -  Waste  Management  • 

Non-Listed  Emissions  -  Off-site  Electricity  Production  • 

Total  Resource  Consumption 

Geologic  and  Biotic  Resources  • 

Intermediate  Materials  • 

Geologic  and  Biotic  Resources  -  Precursor  Production  • 

Geologic  and  Biotic  Resources  -  Military  Facilities 
Geologic  and  Biotic  Resources  -  Transportation 

Geologic  and  Biotic  Resources  -  Waste  Management  • 

Geologic  and  Biotic  Resources  -  Off-site  Electricity  • 

Generation 

Intermediate  Materials  -  Precursor  Production  • 

Intermediate  Materials  -  Military  Facilities  • 

Intermediate  Materials  -  Transportation 

Intermediate  Materials  -  Waste  Management  • 

Intermediate  Materials  -  Off-site  Electricity  Generation  • 

Total  Energy  Consumption  • 

Energy  Consumption  -  Precursor  Production  • 

Energy  Consumption  -  Military  Facilities  • 

Energy  Consumption  -  Transportation 

Energy  Consumption  -  Waste  Management  • 

Energy  Consumption  -  Off-site  Electricity  Generation  _ • _ 

Two  points  can  be  made.  First,  the  RDX-based  system 
appears  to  be  the  more  environmentally  beneficial  at 
this  time.  Second,  the  TNAZ-based  system  does  not 
appear  to  offer  the  potential  to  reduce  the  amount  of 
Listed  wastes  emitted  during  GBU-24  production  by  the 
50  percent  goal.  In  fact,  the  TNAZ-based  system  will 
likely  increase  the  amount  of  listed  waste  emitted. 

Currently  the  TNAZ-based  system  produces  an 
estimated  18  pounds  of  Listed  waste  for  every  pound  of 
Listed  waste  produced  by  the  RDX-based  system.  To 
meet  the  goai,  the  TNAZ-based  system  would  need  to 
see  a  reduction  in  Listed  wastes  emitted  of  over  97 
percent  from  current  estimates. 
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Production 

Processing 
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(TNAZ  &  Solvent  Recycle) 
Service/ 
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Transport  Manage. 
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Acetonitrile 


Acid 


Acroiein _ 

Acrylamide 


Acrylic  acid 


Acrylonitrile 


Alachlor/Metolachior 


Aldehydes 


Aluminum  powder 
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Atrazine 
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Chlorine 


Chlorobenzene 


Chlorpyrifos 
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Hydrogen  sulfide _ 
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Producer  gas _ 

Propene _ 

Propylene _ 
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Oxygen _ 


PM10 
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Geologic  and  Biotic  Resources 
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Lime  I  149 


Natural  gas  2,154.926 
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Oxygen 


Petroleum 


Phosphate  rock 
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Sand 


Soil 


Sulfur 


Water 


intermediate  Materials 


Acetic  acid 
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Activated  carbon 


Ammonia 


Antifoam  Agent 
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CO 
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Free  Base 
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Hydrogen  peroxide 
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Phosgene 
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TNAZ  Precursors 


Ib/Ib  TNAZ  Precursor  materials  and  inputs  for  TNAZ  (Oct  95) 

1.33  Formaldehyde  (37%) 

1  Methanol 

1  Synthesis  gas 
1.04631263  Coal 
0.596333404  Oxygen 
1.397873673  water 

0.5  Air  (Oxygen) 

3.29  NlB-GIycerol  (50%) 

0.331 1 56299  Nitromethane 

1  Petroleum  gas 
1  Nitric  acid 
0.3  Paraformaldehyde 

0.662171432  Formaldehyde  (37%) 

2.33  di  isopropylazodicarboxylate 

0.667651524  Azodicarboxyl  Chloride 
1.80902464  Phosgene 

0.724068226  Chlorine 
0.286032785  Carbon  monoxide 
0.0005  Activated  Carbon 
0.293090214  Hydrazine 

1.37755102  Ammonia 


3.403061224  Sodium  Hypochlorite 
0.238803573  NaOH 
1.058327572  Chlorine 


0.648379344  Chlorine 
0.660415095  isopropanol 

0.725707656  Propylene 
0.008567382  Sulfuric  acid 
3.02  Triphenyl  phosphine 

1.739385713  Gringard  reagent  of  benzene 
0.913761009  Chlorobenzene 

0.685027408  Benzene 
0.629945184  Chlorine 
0.197350102  Magnesium 
0.581718484  trichlorophosphine 

0.237401689  Phosphorous 
0.815298879  Chlorine 
5.57  Acetic  anhydride 

1.457117595  Acetic  acid 

0.485686352  Methanol 

1.04631263  Coal 
Carbon  monoxide 
0.428266893  Coal 

0.81  tert-butylamine 

1.332284697  tert-butylchloride 

0.673474147  2  methyl  propylene 
0.815171249  Chlorine 
0.245109723  Ammonia 
0.664519692  Sodium  hydroxide 

8.8  Sodium  hydroxide  (50%) 

0.59  rock  salt 
1.11  Hydrochloric  acid  (37%) 

1.6  Hydrogen  peroxide  (50%) 

0.056165471  Hydrogen 
0.891481976  Oxygen 
3  water 

0.001  Ethyl  anthroquinone  Catalyst 

3.6  Iso  propanol 

0.9  Propylene 


0.0125  Sulfuric  acid 
2.62  2  butanone  (MEK) 

1  2  butanol 


2.27  Sodium  nitrite  (s) 


1  n  butene  (mix) 

1.879988255  Naphtha 
1.73292E-05  ammonia 


Factored  Use  Module  in  LCI 
Ib/Ib  precursor 
1 

1 

1 

1.04631263 

0.596333404 

1.397873673 

0.5 

1 

0.331156299 

0.331156299 

0.331156299 

0.3 

0.19865143 

1 

0.667651524 

1.207798059 

0.874528197 

0.345469842 

0.000603899 

0.353993792 

0.487644509 

1.204662547 

0.287677721 

1.274927588 

0.432891458 

0.660415095 

0.479268291 

0.005658028 

1 

1.739385713 

1.589382845 

1.08877081 

1.001224069 

0.343267948 

0.581718484 

0.138100951 

0.474274428 

1 

1.457117595 

0.707702129 

0.740477675 

0 

0 

1 

1.332284697 

0.8972593 

1.086040181 

0.245109723 

0.664519692 

1 

0.59 

1 

1 

0.056165471 

0.891481976 

3 

0.001 

1 

0.9 

0 

0.0125 

1 

1 

1 

1.879988255 

1.73292E-05 

1 
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TNA2  Precursors 


0.47  Potassium  ferrocyanide 
0.474903847  KCN 

0.379525372  HCN 
1.046829519  KCl  (or  KBr) 
0.196704311  FeCN2 

0.278354486  HCN 
0.575163641  Fe  (powder) 

Iron  ore 

4.76  Sodium  persulfate 

1.213756073  Na2S04 
5  Methyl  t-butyl  ether  (MTBE) 

0.454373948  Methanol 

0.8  methane 

0.795628321  Isobutene 
0.01  Iron  chloride  42o  Be 

Iron  metallic 
Hydrochloric  acid 
0.92  Nitric  acid  (70%) 

0.549672131  Ammonia 
10.70491803  Air 
0.56  ammonium  nitrate  (s) 

0.21243083  Ammonia 
0.909292035  Nitric  acid 
2.24  Ethanol  SDA3A 

Com,  sorghum 

6.8  Acetonitrile 

0.386722942  Ammonia 
0.956630435  Propylene 
10  Nitrogen  gas 

Air 

100  Deionized  water 

Sulfuric  acid 
Sodium  Hydroxide 
Water  (natural  sweet) 

0.01  Antifoam.  DOW  2210 


1 

0.474903847 

0.180238059 

0.497143365 

0.196704311 

0.132191616 

0.273147426 

0 

1 

1.213756073 

1 

0.454373948 

0.363499158 

0.795628321 

1 

0 

0 

1 

0.549672131 

10.70491803 

1 

0.21243083 

0.909292035 

1 

0 

1 

0.386722942 

0.956630435 

1 

0 

1 

0 

0 

0 

1 
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Formaldehyde  LCI 


Formaldehyde  Production  Life  Cycle  Invnetory 


Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item 

Quantity 

Air 

NOx 

0.000025 

CO 

0.041807 

SOx 

0.016888 

Formaldehyde 

0.000005 

Methanol 

1.21E-05 

Ammonia 

1.46E-07 

Sulfuric  acid 

2.22E-09 

TSP 

0.007691 

C02 

0.102758 

Hydrocarbons 

0.031006 

Water 

Solid  Wastes 

Production  waste  (not  innert)  0.032566 

Resource  Consumption 
Energy 

Oxygen  (from  air) 

Natural  Gas 
C02 
Water 
Methanol 
Air 
Coal 


2.812753  kWh/lb 
0.53 
0.202 
0.183 
0.127 
0.47 
5.76 
0.428267 
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NIB-Glycerol  LCI 


NIB-Glycerol  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item 

Quantity 

Air  Emissions 

1 ,2-butylene  oxide 

1.9869E-07 

2-nitropropane 

0.00017369 

acetaldehyde 

2.0085E-05 

acetone 

1.3478E-05 

acetonitrile 

6.921 2E-06 

ammonia 

0.00025343 

BrCIF2C 

6.292E-07 

BrFSC 

2.3678E-06 

Chlorine 

1.2915E-06 

CI2F2C 

0.0003146 

Formaldehyde 

0.00010352 

Hydrogen  cyanide 

1.8396E-05 

methanol 

7.8202E-06 

naphthalene 

0.00018358 

nitric  acid 

1.573E-06 

NOx 

8.3961  E-06 

CO 

0.00830507 

SOx 

0.00335492 

Sulfuric  acid 

4.4145E-10 

TSP 

0.00152788 

C02 

0.02041303 

Hydrocarbons 

0.00615947 

Wastewater  Emissions 

ammonia 

4.9673E-07 

Hydrogen  cyanide 

3.3116E-08 

2-nitropropane 

acetaldehyde 

0.00297512 

acetone 

0.00159669 

acetonitrile 

0.00130257 

ammonia 

4.0683E-05 

Formaldehyde 

2.271 7E-05 

Hydrogen  cyanide 

1.8876E-06 

methanol 

0.00262238 

naphthalene 

1.8876E-06 

nitric  acid 

0.00018373 

Wastewater 

23.0110595 

Solid  Wastes 

Production  waste  (not  innert)  0.00646925 
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NIB-Glycerol  LCI 


Resource  Consumption 
Steam 
River  Water 
Electricity 
Energy 

Oxygen  (from  air) 

Natural  Gas 

C02 

Water 

Air 

Coal 


0.00976429 

23.0012953 

0.01192499  kWh 

0.55875742  kWh 

0.10528526 

0.04012759 

0.03635321 

0.02522873 

1.14423223 

0.08507583 
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Diiso . . .  LCI 


Diisopropylazodicarboxylate  Production  Life  Cycle  Inventory 
Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item 

Quantity 

Air 

Phosgene 

5.78E-05 

Hydrazine 

3.56E-07 

Isopropanol 

6.2E-07 

Pyridine 

5.59E-06 

HCI 

1.59E-05 

CI2 

1.71  E-05 

CO 

0.004051 

TSP  (PM-10) 

0.000383 

SOx 

0.002005 

NOx 

0.002876 

C02 

0.849661 

Ammonia 

0.001024 

Methane 

3.64E-10 

Hydrocarbons 

0.006136 

Isopropanol 

0.000431 

Propene 

1.69E-05 

H2S 

4.79E-06 

Heavy  metals 

4.79E-07 

H2S04 

3.62E-07 

Wastewater 

Phosgene 

0.009784 

Hydrazine 

0.001585 

Pyridine 

2.34707 

Pyridine  HCI 

3.428944 

Na2S04 

0.011167 

COD 

0.000113 

BOD 

2.3E-05 

Acid  as  H+ 

0.000995 

Metal  ions 

0.000354 

CI2 

0.120565 

Dissolved  Organics 

9.59E-06 

Total  Suspended  Solids 

0.005836 

Crude  oil 

4.79E-05 

Total  Dissolved  Solids 

0.000335 

Phenol 

3.35E-05 

Sodium 

0.008036 

Solid  Wastes 

Production  waste  (not  innert)  0.288446 
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Diiso. . .  LCI 


Resource  Consumption 
Phosgene 
Hydrazine 
Isopropanol 
CI2 

Pyridine 

CO 

Activated  Carbon 
Naturai  Gas 
Electric  Power 
Steam 

Heat  Energy  (fossil  fuel) 

Propen e 

Sulfuric  acid 

NaOH 

Coal 

Hydropower 

Fission 

Iron  ore 

Limestone 

Bauxite 

Rock  sait 

Clay 

Water 

Crude  Oil 

Sand 


0.978355 
0.158474 
0.594389 
1.220271 
4.694139 
0.277794 
0.000604 
1.03912 
0.067589  kWh 
0.185305 
0.433116  kWh 
0.653158 
0.007711 
0.006289 
0.698641 
2.128203 
17.67491 
0.001774 
0.0511 
0.000144 
3.297246 
9.59E-06 
4.615634 
0.242245 
5.74E-05 
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Triphenyl  phosphine  LCI 


Triphenyl  phosphine  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 

Item 

- 7^ - 

CI2 

Benzene 
HCI 

dichlorobenzenes 
chlorobenzene 


Water 

COD  0.000233 

BOD  2.62E-05 

Acid  as  H+  0.000545 

Metal  ions  0.000525 

CI2  0.062069 

Total  Suspended  Solids  0.003082 

Crude  oil  0.000109 

Total  Dissolved  Solids  0.000662 

Hydrocarbons  0.000103 

Phenol  1.09E-06 

Sodium  0.004131 

Solid  Wastes 

Production  waste  (not  innert)  0. 1 56592 


Quantity 


0.003882 

4.92E-06 

0.006726 

3.98E-06 

6.48E-05 


Resource  Consumption 

Heat  Energy  (fossil  fuel) 
Electric  Power 
Benzene 
Chlorine 

Sodium  hydroxide  (dry  bassis) 
Natural  Gas 
Crude  Oil 
Coal 

Hydropower 

Fission 

Iron  ore 

Limestone 

Bauxite 

Rock  salt 

Clay 

Water 

Sand 


0.880406  kWh 
4.73E-06  kWh 
1.102986 
1.00113 
0.013772 
1.159743 
0.83093 
0.383234 
1.138573 
9.277315 
0.001122 
0.027564 
0.00024 
1.791668 
2.18E-05 
3.733043 
2.95E-05 
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Acetic  anhydride  LCI 


Acetic  anhydride  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 

Item  Quantity 

7^17 

Producer  gas 
Cinder 
Flue  gas 
TSP 
SOx 
CO 
C02 

Hydrocarbons 


Wastewater 

Water  5347.48 

Solid  Waste 

Production  waste  (not  innert)  0.023047 

Resource  Consumption 

AcOH  1.457118 

NH3  0.000284 

Eth3P04  0.004325 

Air  0.251604 

Natural  Gas  0.015179 

EthGlycol  2.68E-05 

Freon  2.72E-06 

Filtered  Water  6.638878 

Steam  7.593786 

River  Water  803.3346 

Coal  0.927121 


0.129049 

0.110446 

0.494985 

0.01665 

0.03655 

0.090473 

0.222453 

0.067123 


Page  1 


tert-Butylamine  LCI 


tert-Butylamine  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item 

Quantity 

Air 

TSP  (PM-10) 

1.45E-10 

SOx 

7.06E-06 

NOx 

1.5E-09 

CO 

0.001936 

C02 

0.299867 

Ammonia 

0.000515 

Methane 

1.83E-10 

Hydrocarbons 

0.001157 

Water 

COD 

1.75E-05 

BOD 

5.25E-06 

Acid  as  H+ 

0.000595 

Metal  ions 

0.000158 

Ci2 

0.073524 

Total  Suspended  Solids 

0.003501 

Total  Dissolved  Solids 

8.75E-05 

Sodium 

0.004902 

Solid  Wastes 

Production  waste  (not  innert) 

0.173305 

Resource  Consumption 

Natural  Gas 

0.471558 

Crude  Oil 

0.172421 

Coal 

0.407813 

Hydropower 

0.160052 

kWh 

Fission 

1.337611 

kWh 

Iron  ore 

0.001012 

Limestone 

0.027178 

Rock  salt 

1.706175 

Water 

4.499391 

Sand 

3.5E-05 

Electric  Power 

0.033972 

kWh 

Steam 

0.011736 

kWh 
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Sodium  hydroxide  LCI 


Sodium  hydroxide  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  othenwise  specified. 


Item 

Quantity 

Air 

Water 

COD 

0.00001 

BOD 

0.000003 

Acid  as  H+ 

0.00034 

Metal  ions 

0.00009 

CI2 

0.042 

Total  Suspended  Solids 

0.002 

Total  Dissolved  solids 

0.00005 

Sodium 

0.0028 

Solid  Wastes 

Production  waste  (not  innert) 

0.099 

Resource  Consumption 

Natural  Gas 

0.176505 

Crude  Oil 

0.129783 

Coal 

0.217294 

Hydropower 

0.09259 

Fission 

0.748543 

Iron  ore 

0.00046 

Limestone 

0.0105 

Rock  salt 

0.59 

Water 

5.3 

Sand 

0.00002 
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Isopropanol  LCI 


Isopropanol  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item 

Quantity 

Air 

Isopropanol 

0.000652 

Propene 

2.56E-05 

TSP 

0.00072 

SOx 

0.003763 

NOx 

0.0054 

CO 

0.00036 

C02 

0.475251 

H2S 

0.000009 

HCI 

0.000009 

Hydrocarbons 

0.007201 

Heavy  metals 

9E-07 

H2S04 

8E-07 

Water 

Na2S04 

0.01691 

COD 

0.00018 

BOD 

0.000027 

Acid  as  H+ 

0.000036 

Metal  ions 

0.00018 

CI2 

0.000045 

Dissolved  Organics 

0.000018 

Total  Suspended  Solids 

0.00018 

Crude  oil 

0.00009 

Total  Dissolved  Solids 

0.00036 

Phenol 

0.000063 

Solid  Wastes 

Production  waste  (not  innert) 

0.0081 

Resource  Consumption 

Heat  Energy  (fossil  fuel) 

0.655825 

Electric  Power 

4.68E-06 

Propene 

0.989011 

Natural  Gas 

0.462717  kWh 

Coal 

0.018379  kWh 

Hydropower 

0.013608 

Fission 

0.026082 

Iron  ore 

0.00018 

Limestone 

0.00009  kWh 

Bauxite 

0.00027  kWh 

Page  1 


Isopropanol  LCI 


Rock  salt 

Clay 

Water 


0.0054 

0.000018 

1.44 
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MEK  LCI 


MEK  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item  Quantity 

Air 

CI2  4.18E-06 

Zinc  oxides/Phosphates  1 . 1 36721 

TSP  0.0008 

SOx  0.004 

NOx  0.006 

CO  0.0004 

C02  0.500021 

H2S  0.000001 

HCI  0.00001 

Hydrocarbons  0.007001 

Heavy  metals  0.000001 

Ammonia  3.64E-08 

Methane  1.29E-14 


Water 

Dissolved  Organics 

COD 

BOD 

Acid  as  H+ 

Metal  ions 
CI2 

Total  Suspended  Solids 
Crude  oil 

Total  dissolved  Solids 

Hydrocarbons 

Phenol 


3.73E-05 

0.0002 

0.00004 

0.00004 

0.0003 

0.00005 

0.0002 

0.0001 

0.0004 

0.00009 

0.000001 


Solid  Wastes 

P4  production  waste  (not  innert)  5.85E-07 

Zinc  Compounds  3.8E-05 

Production  waste  (not  innert)  0.0083 


Resource  Consumption 
Chlorine 
Natural  Gas 
Crude  Oil 
Coal 

Hydropower 
Fission 
Iron  ore 


1.73E-05 
0.67741 
0.825106 
0.017555 
0.00756  kWh 
0.02772  kWh 
0.0002 
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MEK  LCI 

Limestone 

0.0001 

Bauxite 

0.0003 

Rock  salt 

0.006 

Clay 

0.00002 

Water 

1.6 

Electric  Power 

2.4E-06  kWh 

Steam 

8.3E-07  kWh 
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MTBE  LCI 


MTBE  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item  Quantity 


MTBE 

7.32E-06 

Methanol 

2.14E-05 

Ammonia 

4.09E-09 

TSP 

0.004131 

SOx 

0.010854 

CO 

0.019308 

C02 

0.444505 

Hydrocarbons 

0.019659 

NOx 

0.004774 

H2S 

7.96E-07 

HCI 

7.96E-06 

Heavy  metals 

7.96E-07 

Water 

MTBE 

Methanol 

Ammonia 

COD 

BOD 

Acid  as  H+ 

Metal  ions 
CI2 

Dissolved  Organics 
Total  Suspended  Solids 
Crude  oil 

Total  Dissolved  Solids 

Hydrocarbosn 

Phenol 


3.26E-08 

5.43E-06 

1.66E-07 

0.000159 

3.18E-05 

3.18E-05 

0.000239 

3.98E-05 

1.59E-05 

0.000159 

7.96E-05 

0.000318 

7.16E-05 

7.96E-07 


Solid  Wastes 

Production  waste  (not  innert)  0.021401 


Resource  Consumption 

Electric  Power 
Isobutylene 
Methanol 
Coal 

Natural  Gas 
Crude  Oil 
Hydropower 


1.25E-08  kWh 

0.844446 

0.273011 

0.208561 

0.538952 

0.656478 

0.006015  kWh 
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MTBE  LCI 


Fission 

0.022054  kWh 

Iron  ore 

0.000159 

Limestone 

7.96E-05 

Bauxite 

0.000239 

Rock  salt 

0.004774 

Clay 

1.59E-05 

Water 

1.273005 
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Nitric  acid  LCI 


Nitric  acid  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item 

Quantity 

Air 

NOx 

1.04E-05 

TSP  (PM-10) 

3.25E-10 

SOx 

1.58E-05 

CO 

0.004342 

C02 

0.672469 

Ammonia 

0.001154 

Methane 

4.11E-10 

other  organic 

0.002594 

Wastewater 

Water 

69.48701 

Solid  Waste 

Resource  Consumption 


Steam 

0.029485 

River  Water 

69.45752 

Electricity 

0.112193 

kWh 

Natural  Gas 

0.580032 

Steam 

0.026318 

kWh 
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Ammonium  nitrate  LCI 


Ammonium  nitrate  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 

Item  Quantity 

Air 

NOx  1.37E-05 

Wastewater 

Water  91.78143 

Solid  Waste 

Resource  Consumption 

Steam 
River  Water 
Electricity 


0.038946  kWh 
91.74249 
0.047564  kWh 
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Ethanol  LCI 


Ethanol  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item 

Quantity 

Air 

NOx 

0.002435 

SOx 

0.001701 

PM-10 

0.011892 

Total  Particulate 

0.009237 

CO 

0.00573 

C02 

0.547669 

Non-Methane  Org.  Comp. 

0.000729 

Methane 

3.09E-06 

N20 

0.000272 

HCL 

7.26E-06 

Ammonia 

0.000443 

Chlorine 

7.95E-07 

Sulfuric  Acid 

4.9E-07 

Hydrocarbons 

0.000343 

Aldehydes 

1.67E-05 

Organic  Acids 

1.32E-06 

Fertilizer  N20 

0.00041 1 

Fertilizer  NO 

0.000252 

Particulate 

0.000139 

Nitric  Acid 

6.13E-06 

Fluoride 

5.58E-07 

Acid  Mist 

3.14E-05 

Herbicides 

0.000157 

Alachlor 

3.13E-05 

Atrazine 

5.78E-05 

Metalachlor 

3.83E-05 

Cyanazine 

2.99E-05 

Insecticides 

2.49E-05 

Fonofos 

4.64E-06 

Turbufos 

1.23E-05 

Chlorpyrifos 

7.98E-06 

Water 

Total  Water  Emission 

0.610304 

Ammonia 

5.7E-06 

Chlorine 

3.26E-08 

BODS 

0.000407 

TSS 

0.000509 

Herbicides 

6.1  IE-06 

Alachlor 

2.74E-07 

Page  1 


Ethanol  LCI 


Atrazine 

2.97E-06 

Metalachlor 

1.2E-06 

Cyanazine 

1.67E-06 

Insecticides 

5.2E-07 

Fonofos 

8E-08 

Turbufos 

2.12E-07 

Chlorpyrifos 

2.28E-07 

Nitrates  (as  nitrogen) 

0.004885 

Phosphorous 

0.000122 

Potassium 

0.000504 

Solid  Wastes 

HCL 

1.12E-07 

Ammonia 

1.83E-07 

Coal  Ash 

0.012993 

Resource  Consumption 

Natural  gas 

1705.936 

Coal 

1079.272 

Electricity 

0.084213 

Water 

276.1801 

Sulfur 

0.001175 

Diesel 

444.8868 

LPG 

99.77364 

Oil 

58.12006 

Gasoline 

112.5477 

Limestone 

0.039864 

Sulfur 

0.013546 

Water 

275.4681 

Phosphate  Rock 

0.038957 

Potassium  Chloride 

0.011404 

Soil 

2.991136 
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Acetonitrile  LCI 


Acetonitrile  Production  Life  Cycle  Inventory 

Emissions  are  in  Ib/lb  unless  otherwise  specified. 


Item 

Quantity 

Air 

CI2 

1.33E-06 

Acetonitrile 

6.25E-06 

Acrolein 

1.22E-07 

Acrylic  acid 

4.16E-09 

Acrylonitrile 

4.5E-05 

Ammonia 

0.000824 

Hydrogen  Cyanide 

6.69E-05 

Propylene 

2.3E-05 

Acetamide 

1.39E-08 

Acetaldehyde 

5.41  E-08 

Acrylamide 

3.09E-07 

Pyridine 

2.1  IE-07 

Hydrocarbons 

0.009633 

TSP  (PM-10) 

0.000765 

SOx 

0.003838 

NOx 

0.00574 

CO 

0.003438 

C02 

0.978218 

Methane 

2.89E-10 

H2S 

9.57E-06 

HCI 

9.57E-06 

Heavy  metals 

9.57E-07 

Water 

Ammonia 

4.02E-07 

COD 

0.000191 

BOD 

2.87E-05 

Acid  as  H+ 

3.83E-05 

Metal  ions 

0.000191 

CI2 

4.78E-05 

Dissolved  Organics 

1.91E-05 

Total  Suspended  Solids 

0.000191 

Crude  oil 

9.57E-05 

Total  Dissolved  Solids 

0.000383 

Phenol 

6.7E-05 

Solid  Wastes 

Acetonitrile 

6.8E-08 

Acrylonitrile 

6.94E-09 

Acetonitrile 

4.72E-07 
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Acetonitrile  LCI 


Acrolein 

0.000222 

Acrylic  acid 

0.000861 

Acrylonitrile 

0.019429 

Ammonia 

2.91  E-05 

Molybdenum  Trioxide 

2.64E-05 

Acetamide 

8.32E-06 

Acetaldehyde 

0.001291 

Acrylamide 

0.000112 

Pyridine 

1.53E-08 

LCI  component 

0.005274 

Propylene 

7.63E-05 

Molybdenum  Trioxide 

0.000124 

Production  waste  (not  innert) 

0.00861 

Resource  Consumption 

Heat  Energy  (fossil  fuel) 

0.112889 

kWh 

Electric  Power 

0.053599 

kWh 

Natural  Gas 

0.899915 

Steam 

0.018516 

kWh 

Coal 

0.019536 

Hydropower 

0.014464 

kWh 

Fission 

0.027723 

kWh 

Iron  ore 

0.000191 

Limestone 

9.57E-05 

Bauxite 

0.000287 

Rock  salt 

0.00574 

Clay 

1.91  E-05 

Water 

1.530609 
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Mass  Balance  on  Unit  Processes 
Brown,  Hamel  and  Hedman 
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Sheet  Title: 


Methanol  (for  Acetic  acid  production  by  Eastman/Malinkrodt  at  Kingston) 


Sheet  Description:  Engineering  calculation  (rough) 

This  page  calculates  the  vendor  emissions  from  a  plant  producing  Acetic  acid. 

Not  included  are  raw  material  production  or  extraction  or  water  and  energy  use. 

(Energy  balance  is  assumed  to  be  close  to  0  due  to  exothermic  producer  gas  synthesis  process) 

References/Citations:  Faith  Keyes  and  Clarke's  Industrial  Chemicals 
By  F.  A.  Lowenheim,  M.  K.  Moran 
Wiley  Interscience.  1975 

Perry's  Chemical  Engineers’  Handbook,  6th  ed. 

McGraw  Hill.  1984 

AP  42  Ed  4  (1985) 

USEPA 

Kirk  Othmer  Encyclopaedia  of  Chemical  Technology 
2nd  ED.  1964  and  4th  Ed.  1991-4 
Wiley  Interscience. 

CRC  Handbook  of  Chemistry  and  Physics,  66th  Edition 


Summary  Output  - - 

Co-product  Allocation  Calculations 


Co-product 

Quantity 

Units 

Acetic  acid 

1.00E+00 

kg 

Coal  Tar 

1.05E-01 

Kg 

Total 

1.10515212 

Kg 

Notes:  Bbl  eq.  are  calculated  on  a  energy  content  basis  and  used  to  calcualte  the  allocated  LCI  emissions  factors.  Bbl.  of  CrO 

production  are  scaled  by  multiplying  by  the  ratio  of  bbl  eq.  CrO  produced  to  bbl  CrO  produced. 


Unallocated 

Allocated 

LCI  components 

Units 

Quantity 

Std.  Dev.  Units 

Quantity  Std.  Dev. 

DQI 

Air 

TSP 

Kg/Kg  Acetic  a 

0.0085 

Kg/Kg  Acetic  a 

0.007691249 

3 

SOx 

Kg/Kg  Acetic  a 

0.018658783 

Kg/Kg  Acetic  a 

0.016883452 

3 

CO 

Kg/Kg  Acetic  a 

0.046186813 

Kg/Kg  Acetic  a 

0.041792268 

3 

C02 

Kg/Kg  Acetic  a 

0.113563242 

Kg/Kg  Acetic  a 

0.102758018 

3 

total  HC's 

Kg/Kg  Acetic  a 

0.034266829 

Kg/Kg  Acetic  a 

0.031006436 

3 

Water 

Solid  Wastes 

Production  wasteKg/Kg  Acetic  a 

0.035990206 

0.032565839 

Resource  Consumption 

Coal 

Kg/Kg  Acetic  a 

0.473300065 

Kg/Kg  Acetic  a 

0.428266893 

Methanol 

Kg/Kg  Acetic  a 

0.536757301 

Kg/Kg  Acetic  a 

0.485686352 

Notes:  This  section  is  where  the  project  specfic  calculations  take  place.  Information  on  LCI  components  from  below  is  taken  and  the  proper 

co-product  allocation  scheme  applied.  It  may  be  necessary  to  preface  this  section  with  a  section  detailing  the  co-product  allocation 
rules  or  calculations. 

Data  Quality  Indicators  (DQI)  range  from  5  as  highest  to  1  as  lowest.  A  value  of  0  is  used  when  no  indicator  was  reported. 
Conversion  Factors  - - - - - 


Unit  from 

Unit  to 

Multiplier 

Reference 

BTU 

J 

1055.056 

CRC,  66th  Edition 

Wh 

J 

3600 

CRC,  66th  Edition 

bbl  CrO 

BTU  CrO 

5800000 

Chemical  Engineers’ 

Handbook,  6th  ed. 

bbl 

gal 

42 

Chemical  Engineers’ 

Handbook,  6th  ed. 

gal  diesel 

BTU  diesel 

118500 

Chemical  Engineers’ 

Handbook,  6th  ed.,  Figure  9-4  @  S.G.  =  .76  and  sulfur  =  0.5% 

gal 

L 

3.785412 

CRC,  66th  Edition 

kg 

lb 

2.2046226 

CRC,  66th  Edition 

yr 

day 

365 

m^3 

bbl  (petroleum) 

6.289811 

CRC,  66th  Edition 

gal  CrO 

lb  CrO 

7.2 

ton 

lb 

2000 

gal  fuel  oil 

BTU  fuel  oil 

138000 

cu.  ft  NG 

BTU  NG 

1032 

Chemical  Engineers’ 

Handbook,  6th  ed. 

lb  Coal  (dryBTU  Coal 

12000 

calculation  page  B 

SD=11% 

kg  NG 

MJ  NG 

46 

Calculated  page  C 

SD=13% 

I  Calculations 


Acetic  acid  Production 


Energy  input 

All  energy  is  assumed  to  come  from  the  heat  of  combustion  In  the  formation  of  CO.  which  is  recoverable. 


Raw/  Raw/ 

Raw/  Transformed 

Transformed 

Transformed 

LCI  component 

Input  Units  Input  Quan. 

Input  Std.  Dev.  DQI  Units 

Quan. 

Std.  Dev. 

Coal 

MJ/kg  ethylene  0 

3  kg/kg  ethylene 

0 

Oil 

MJ/kg  ethylene  0 

15  3  kg/kg  ethylene 

0 

0.33622909 

Natural  Gas 

MJ/kg  ethylene  0 

3  kg/kg  ethylene 

0 

Hydropower 

MJ/kg  ethylene  0 

3 

Fission 

MJ/kg  ethylene  0 

3 

Probably  different  mix  in  US 

Materia!  input 

Source:  Faith  Keyes  and  Clarke’s  Industrial  Chemicals 

By  F.  A.  Lowenheim,  M.  K.  Moran 

Wiley  Interscience,  1975 

Methanol  Carbonylation  method 

Stoichiometric  ratios: 

Methanol  net 

Kg/Kg  Acetic  a  0.533 

CO  net 

Kg/Kg  Acetic  a  0.467 

Methanol  input 

Kg/Kg  Acetic  a  0.536757301 

0.993  0.993  conversion  of  methanol 

CO  input 

Kg/Kg  Acetica  0.513186813 

0.91  0.91  conversion  of  CO 

Producer-Gas  input 

Kg/Kg  Acetic  a  1 .694973756 

from  Faith  Keyes  and  Clark's  Industrial  chemicals.  1975 

Coal  input 

Kg/Kg  Acetic  a  0.473300065 

Emission  calculation 

(Data  from  pg  D  and  from  AP42  Ed  4  Tbi  1 .1-1) 

Air 

CO  released  from  process 

Kg/Kg  Acetic  a  0.046186813 

0.09  unconverted  CO 

Methane 

Kg/Kg  Acetic  a  0.030509528 

C02 

Kg/Kg  Acetic  a  0.1 1 3563242 

Particulates 

Kg/Kg  Acetic  a  0.0085 

8.5  g/kg  in  Cyclone  trap  outlet  (AP42  Ed  4  tbi  1 .1-1) 

Methanol 

Kg/Kg  Acetic  a  0.003757301 

0.007  unconverted  assumed  to  escape  in  vent  stream 

SOx  Kg/Kg  Acetic  a  0.018658783  19.5*%S  in  Co  from  AP  42  Ed  4  (1985)  tbi  1.1-1 

Coal  assumed  to  have  1%  Sulfur  and  the  coal  tar  product  to  have  0.4%  sulfur 

Land 

Ash  Kg/Kg  Acetic  a  0.035990206  0.094  Ash  in  coal  (assumed  recovered)  but  for  air  emission 

CO  production  from  Coal  through  synthesis  gas  (producer  or  manufactured) 

Source:  Page  D  calculations 

Producer  gas  from  Coal  (Baddelsey) 

25.30%  mol  CO  30.28%  wt  CO 

MwCO  28.016 

MwProduc  23.410686 

Gas  product  yield  from  coal:  3.581 182178  lb  gas/lb  coal 
Co-Products: 

source:  calculated  from  data  on  this  sheet  and  on  sheet  D 

Coal  tar  heating  value  is  median  for  data  of  Perry  Ed  6  (1984)  tbI.  9-12 

Coal  Tar  Kg/Kg  Acetic  a  0.10515212 

Energy  equivalent  MJ/Kg  Acetic  a  4.1 53508743  39.5  MJ/Kg  coal  tar 


Raw/ 


LCI  component 

Oil 

Natural  Gas 

Input  Units 

Coal 

Kg/Kg  Acetic 

Iron  ore 

Kg/Kg  Acetic 

Methanol 

Kg/Kg  Acetic 

Bauxite 

Kg/Kg  Acetic 

Rock  salt 

Kg/Kg  Acetic 

Clay 

Kg/Kg  Acetic 

Raw/  Raw/ 

Input  Quan.  Input  Std.  Dev. 


0.473300065 

0 

0.536757301 

0 

0 

0 


DQI 


3 


3 


Transformed 

Units 

Kg/Kg  Acetic  acid 
Kg/Kg  Acetic  acid 
Kg/Kg  Acetic  acid 
Kg/Kg  Acetic  acid 
Kg/Kg  Acetic  acid 
Kg/Kg  Acetic  acid 
Kg/Kg  Acetic  acid 
Kg/Kg  Acetic  acid 


Transformed 

Quan. 


0.473300065 

0 

0.536757301 

0 

0 

0 


Transformed 
Std.  Dev. 


Output 

Air 


Raw/  Raw/  Raw/ 

Transformed 

Transformed 

LCI  component 

Input  Units  Input  Quan.  Input  Std.  Dev. 

DQI 

Units 

Quan. 

TSP 

Kg/Kg  Acetic  a  0.0085 

Kg/Kg  Acetic  acid 

0.0085 

SOx 

Kg/Kg  Acetic  a  0.018658783 

Kg/Kg  Acetic  acid 

0.018658783 

NOx 

Kg/Kg  Acetic  a  0 

Kg/Kg  Acetic  acid 

0 

CO 

Kg/Kg  Acetic  a  0.046186813 

Kg/Kg  Acetic  acid 

0.046186813 

C02 

Kg/Kg  Acetic  a  0. 1 1 3563242 

Kg/Kg  Acetic  acid 

0.113563242 

H2S 

Kg/Kg  Acetic  a  0 

Kg/Kg  Acetic  acid 

0 

HCI 

Kg/Kg  Acetic  a  0 

Kg/Kg  Acetic  acid 

0 

total  HC's 

Kg/Kg  Acetic  a  0.034266829 

Kg/Kg  Acetic  acid 

0.034266829 

other  organic 

Kg/Kg  Acetic  a  0 

Kg/Kg  Acetic  acid 

0 

Heavy  metals 

Kg/Kg  Acetic  a  0 

Kg/Kg  Acetic  acid 

0 

Water 


Transformed 
Std.  Dev. 


Raw/ 

LCI  component 

Input  Units 

COD 

Kg/Kg  Acetic 

BOD 

Kg/Kg  Acetic 

Acid  as  H+ 

Kg/Kg  Acetic 

Metal  ions 

Kg/Kg  Acetic 

C(2 

Kg/Kg  Acetic 

Dissolved  Organics 

Kg/Kg  Acetic 

suspended  solids 

Kg/Kg  Acetic 

crude  oil 

Kg/Kg  Acetic 

miscelanious  dissolved  mate  Kg/Kg  Acetic 

Phenol 

Kg/Kg  Acetic 

Raw/  Raw/ 

Input  Quan.  Input  Std.  Dev.  DQI 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Transformed  Transformed  Transformed 
Units  Quan.  Std.  Dev. 

Kg/Kg  Acetic  acid  0 

Kg/Kg  Acetic  acid  0 

Kg/Kg  Acetic  acid  0 

Kg/Kg  Acetic  acid  0 

Kg/Kg  Acetic  acid  0 

Kg/Kg  Acetic  acid  0 

Kg/Kg  Acetic  acid  0 

Kg/Kg  Acetic  acid  0 

Kg/Kg  Acetic  acid  0 

Kg/Kg  Acetic  acid  0 


Solid  waste 


Raw/ 

Raw/ 

Raw/ 

Transformed 

Transformed 

Transformed 

LCI  component 

Input  Units 

input  Quan. 

Input  Std.  Dev. 

DQI 

Units 

Quan. 

Std.  Dev. 

Production  waste  (not  innert)  Kg/Kg  Acetic 

a  0.035990206 

Kg/Kg  Acetic  acid 

0.00128 

Toxic  chemicals 

Kg/Kg  Acetic 

a  0 

Kg/Kg  Acetic  acid 

0.000001 

Sheet  End 


bit=Bituminous 

V=Volatility 

L=low 

M=Medium 

H=high 

Source:  Kirk  Othmer  vol  4  1 949 


Mwt  heat  value  Rio  Arriba,  Terrell,  TexStanton,  KaSan  Juan,  tOlds  Field,  Cliffside,  Texas 
mol%  MJ/M-'S 
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heating  valiMJ/M'^S  39.2023  38.3444  38.4563  38.1952  38.8666  39.9483  38.83552  1.10% 

MJ/KG  51.27388  50.70597  36.84401  49.37455  51.32477  49.22167  48.12414  13.30% 


Manufactured  gas 


Data  from  KO  2  (1964)  for  "modem  mechanical  method" 

Gas 

gas  heat  value 

Tar  data 

Moisture 

Heating  valueBtu/lb 

Gas  yield  scf/ton 

gas  Ib/lb  coGross  heat  value  Btu/s  Btu/ton  coa  Btu/lb  coal  Tar  yield  gal/ton 

wet  dry 

wet  base 

dry  base 

wet  base 

dry  base  wet  base 

wet  base 

wet  base 

dry  base 

Anthracite 

0.051 

10800  11380.4 

123900 

130558.5 

138 

145.4162  17098200 

8549.1 

9.5 

10.01054 

Belgian  Co 

0.026 

11980  12299.79 

120900 

124127.3 

150 

154.0041  18135000 

9067.5 

1 

1.026694 

Baddesley 

0.05 

12080  12715.79 

116100 

122210.5 

3.581182  165.6 

174.3158  19226160 

9613.08 

21 

22.10526 

On  the  basis  of  10%  tar  production  In  the  process  the  Baddesley  type  coal  is  used 
This  coal  then  provides  9613.08  gas  heating  value  In  Btu/lb  coal 


Baddesley  coal  ga 

IcompositlorMWt  vol%  02  per  mol  mol  02  per  mol  gas 


C02 

44.01 

6.7 

alkyls 

02 

31.9988 

0 

CO 

28.016 

25.3 

H2 

2.0158 

21 

CH4 

16.043 

1.8 

N2 

28.013 

45.2 

Gas  Mwt 

23.41069 

ideal  gas  density  of  producer  gas 
0.9882  kg/m^3 
0.061691  Ib/scuf 
physical  data 

Density  of  T  75  Ib/cuf 
1200  kg/m'^O 
10.01449  Ib/gal 


0 

0 

0 

0 

0.5 

0.1265 

0.5 

0.105 

2 

0.036 

0 

0 

0.2675 

mol  02  per  mol  gas 

0.365631 

kg  02  per  Kg  gas 

1.580041 

kgair/kg  gas 

d=Mw/0.0224 

Perry  6  (1984) 


0.578864  mol  air  producing  mol  gas 
1.277093  mol  air  to  bum  mol  gas 
1 .855957  mol  air  used/mol  gas 
2.296221  kg  air  used  /  kg  gas 


Units 


scf  is  volume  in  cubic  feet  at  60  Farenheit  and 

30"  Hg 

KO  2  (1964) 

288.7056 

42.2115 

0.02369 

density 

Ib/cuf 

ib/gal 

kg/m'^S 

Perry  6  (1984) 

0.062428 

0.008345 

1 

7.480519 

1 

119.8264 

1 

0.133681 

16.01846 

mass 

ton  (short  - 

lb 

kg 

Perry  6  (1984) 

1 

2000 

2.204623 

1 

Pressure 

"Hg 

N/m'^2 

atm 

psia 

Perry  6  (1984) 

1 

3376.9 

0.033327 

0.489775 

2.041754 

6894.8 

0.068046 

1 

30.00533 

101325 

1 

1 

14.69586 

Heat  value 

MJ/m^3 

btu/scf 

Perry  6  (1984) 

0.0373 

1 

Energy 

MJ 

Btu 

Perry  6  (1984)  for  steam  table 

0.001055 

1 

molar 

dry  air  composition 

Mwt 

kg  air  per  kg 
mass  compcomponent 

N2 

0.78084 

28.0134 

0.75521 

1.324134 

02 

0.20946 

31.9988 

0.231406 

4.321406 

values 

C02 

0.00033 

44.01 

0.000501 

1994.319 

Ar 

0.00934 

39.948 

0.012882 

77.62792 

total 

0.99997 

28.96409 

1 

Sheet  Title: 


Nitroethane/nitromethane 


Sheet  Description:  Nitroethane/nitromethane 

Nitroethane  is  produced  as  a  co-product  in  the  production  of  nitorethane, 
nitromethane,  1-nitropropane,  and  2-nitropropane 

References/Citations:  TRI  inventory  for  1991  for  W.  R.  Grace  Deer  Park,  Tx  Facility 

Personal  communication  from  the  plant  manager  of  the  Deer  Park  Facility  to 
John  Becker,  Sept  6, 1995,  indicating  plant  capacity  for  nitroparaffins  at 
20,000,000  Ib/yr  while  operating.  Plant  closed  in  1992. 

Kirk-OthmerEnclyclopedia  of  Chemical  Technology.  3rded.  1978.  v1 5.  "Nitroparaffins 

Summary  Output: 

Allocated  LCI  component  Units  Quantity  DQI 

air  emissions 

1 ,2-butylene  Ib/Ib 
2-nitropropar1b/lb 
acetatdehyddb/lb 
acetone  Ib/Ib 
acetonitrile  Ib/Ib 
ammonia  Ib/Ib 
BrCIF2C  Ib/Ib 
BrFSC  Ib/Ib 
Chlorine  Ib/Ib 
CI2F2C  Ib/Ib 
Formaldehydb/lb 
Hydrogen  cylb/lb 
methanol  Ib/Ib 
naphthalene  Ib/Ib 
nitric  acid  Ib/Ib 

water 

ammonia  Ib/Ib  0.0000015  2 

Hydrogen  cylb/lb  0.0000001  2 

underground 

2-nitroproparlb/lb  0.0069671  2 

acetaldehyddb/lb  0.0089841  2 

acetone  Ib/Ib  0.0048216  2 

acetonitrile  Ib/Ib  0.0039334  2 

ammonia  Ib/Ib  0.0001229  2 

Formaldehydb/lb  0.0000686  2 

Hydrogen  cylb/lb  0.0000057  2 

methanol  Ib/Ib  0.0079189  2 

naphthalene  Ib/Ib  0.0000057  2 

nitric  acid  Ib/Ib  0.0005548  2 


0.0000006  2 

0.0005245  2 

6.065E-05  2 

0.0000407  2 

0.0000209  2 

0.0007652  2 

0.0000019  2 

7.15E-06  2 

0.0000039  2 

0.00095  2 

0.0003096  2 

5.555E-05  2 

1.635E-05  2 

0.0005544  2 

4.75E-06  2 


Notes:  The  4  co-products  are  produced  as  part  of  the  same  reaction. 

Product  percentage  varies  with  operating  conditions  (Kirk-Othmer),  but  emissions 
must  be  considered  on  a  Ib/lb  basis  as  4  equal  co-products. 


Conversion  Factors 

Unit  from  Unit  to  Multiplier 


Calculations 

Table  Title 

Table  Reference/Citation 


LCI  component 


Raw/  Raw/  Raw/ 

Input  Units  Input  Quan.  put  Std.  Dev  DQI 


T  ransformedT  ransformedT  ransformed 
Units  Quan.  Std.  Dev. 


air  emissions 


water 


underground 


1,2-butylene  Ib/yr 

12 

4  Ib/lb 

0.0000006 

2-nitroproparlb/yr 

10490 

4  Ib/lb 

0.0005245 

acetaldehyddb/yr 

1213 

4  Ib/lb 

6.065E-05 

acetone  Ib/yr 

814 

4  Ib/lb 

0.0000407 

acetonitrile  Ib/yr 

418 

4  Ib/lb 

0.0000209 

ammonia  Ib/yr 

15304 

4  Ib/lb 

0.0007652 

BrCIF2C  Ib/yr 

38 

4  Ib/lb 

0.0000019 

BrF3C  Ib/yr 

143 

4  Ib/lb 

7.15E-06 

Chlorine  Ib/yr 

78 

4  Ib/lb 

0.0000039 

CI2F2C  Ib/yr 

19000 

4  Ib/lb 

0.00095 

Formaldehydb/yr 

6192 

4  Ib/lb 

0.0003096 

Hydrogen  cylb/yr 

1111 

4  Ib/lb 

5.555E-05 

methanol  Ib/yr 

327 

4  Ib/lb 

1.635E-05 

naphthalene  Ib/yr 

11087 

4  Ib/lb 

0.0005544 

nitric  acid  Ib/yr 

95 

4  Ib/lb 

4.75E-06 

ammonia  Ib/yr 

30 

4  Ib/lb 

0.0000015 

Hydrogen  cylb/yr 

2 

4  Ib/lb 

0.0000001 

2-nitroproparlb/yr 

139342 

4  Ib/lb 

0.0069671 

acetaldehyddb/yr 

179681 

4  Ib/lb 

0.0089841 

acetone  Ib/yr 

96431 

4  Ib/lb 

0.0048216 

acetonitrile  Ib/yr 

78668 

4  Ib/lb 

0.0039334 

ammonia  Ib/yr 

2457 

4  Ib/lb 

0.0001229 

Formaldehydb/yr 

1372 

4  Ib/lb 

0.0000686 

Hydrogen  cylb/yr 

114 

4  Ib/lb 

0.0000057 

methanol  Ib/yr 

158377 

4  Ib/lb 

0.0079189 

naphthalene  Ib/yr 

114 

4  Ib/lb 

0.0000057 

nitric  acid  Ib/yr 

11096 

4  Ib/lb 

0.0005548 

Notes: 


Based  ont  eh  information  supplied  by  the  plant  manager  of  a  production  capacity 
of  20,000,000  Ib/yr. 


Nitric  Acid+  Ammonium  Nitrate 
Source;  all  data 

Technical  report  H  DC-1 25-95  Pg  14 

By  Laurie  J.  Brown 
Holston  Defense  Corporation 
Subsidiary  of  Eastman  Chemical  Co. 
Kingsport,  TN  37660 


Product 

kg 

kg 

kg 

Cone. 

Raw  data 

per  kg 

per  kg 

per  kg 

in  lb 

solution 

HN03 

NH4N03 

Solution 

1.356 

1 

1.7730496 

2.3419204 

HN03  0.564 

0.564 

1 

1.3208431 

NH4N03  0.427 

0.427 

0.7570922 

1 

W  0.009 

0.009 

0.0159574 

0.0210773 

Inputs 

Materials 

HN03  0.99 

1.233 

0.909292 

1.6122199 

2.1294895 

NH3 

0.123 

0.090708 

0.1608297 

0.2124308 

Steam 

0.02255 

0.0166298 

0.0294854 

0.0389457 

River  Water 

53.12 

39.174041 

69.45752 

91.742485 

Energy 

Electricity  kWhr 

0.02754 

0.0203097 

0.0360102 

0.0475638 

Waste 

Water  return  to  river 
(Non-contact) 

53.12 

39.174041 

69.45752 

91.742485 

Steam  Condensate  to  river 
(Non-contact) 

0.02255 

0.0166298 

0.0294854 

0.0389457 

Air  Emiossion 

NOx 

7.921  E-06 

5.841  E-06 

1.036E-05 

1.368E-05 

(value  is  for  N02) 


HN03  Cone. 


Nitric  Acid  concentration 
Source;  all  data 

Technical  report  HDC-125-95  Pg  12 

By  Laurie  J.  Brown 

Holston  Defense  Corporation 


Subsidiary  of  Eastman  Chemical  Co. 
Kingsport,  TN  37660 

Product 

kg 

Cone. 

Raw  data 

per  kg 

wt  frac. 

in  lb 

solution 

Solution 

1.233 

1 

HN03 

0.99 

0.99 

W 

0.01 

0.01 

Output 

to  IWTF  water 

0.8595 

0.6970803 

NaN03/w 

0.904 

0.01295 

0.0105028 

NaN03 

as  pure 

0.0117068 

0.0094946 

water 

as  pure 

0.8607432 

0.6980886 

Mg(N03)2/w 

0.6 

0.009053 

0.0073423 

Inputs 

Materials 

HN03 

0.61 

2.031 

1.6472019 

Na2C03 

0.007304 

0.0059238 

City  Water 

0.08226 

0.0667153 

MgO 

0.001478 

0.0011987 

Steam 

2.9 

2.351987 

River  Water 

28.81 

23.365775 

Energy 

Electricity 

kWhr 

0.05507 

0.0446634 

Waste 

Water  return  to  river 
(Non-contact) 

28.81 

23.365775 

Steam  Condensate  to  river 
(Non-contact) 

2.9 

2.351987 

Air  Emiossion 

NOx 

0.003348 

0.0027153 

(value  is  for  N02) 


kg 

per  kg 
HN03 
1.2454545 
1 

0.010101 


0.8681818 

0.0130808 

0.0118251 

0.8694376 

0.0091444 


2.0515152 

0.0073778 

0.0830909 

0.0014929 

2.9292929 

29.10101 

0.0556263 


29.10101 


2.9292929 


0.0033818 


Page  1 


HN03  Prod. 


Nitric  Acid  production 
Source:  all  data 


Technical  report  HDC-125-95  Pg  10 

By  Laurie  J.  Brown 

Holston  Defense  Corporation 

Subsidiary  of  Eastman  Chemical  Co. 

Kingsport,  TN  37660 


Product 


desired  Solution 

HN03 
W 


Output 

to  Cat  recovery  Plat  Cat 
Pt 
Pd 
Rh 


kg 

Cone. 

Raw 

data 

per  kg 

wt  frac. 

in  lb 

solution 

2.031 

1 

0.61 

0.61 

0.39 

0.39 

2.715E-06 


0.9 

1.203E-06 

0.05 

6.685E-08 

0.05 

6.685E-08 

kg 

per  kg 
HN03 
3.3295082 
1 

0.6393443 


Oz  troy  Ib/Oz  troy 
0.0000396  0.0685714 

4.006E-06 

2.226E-07 

2.226E-07 


to  IWTF  NH3 


Inputs 


3.691  E-05  1.817E-05  6.051  E-05 


Materials 


Energy 


NH3 

Air 

City  Water 
Filtered  Water 


Plat  Cat 
Pt 
Pd 
Rh 

Steam 
River  Water 

Electricity 


0.9 

0.05 

0.05 


kWhr 


0.3353 

6.53 

0.4369 

108.9 

2.715E-06 


0.2293 

54.42 

0.1926 


0.1650911 

3.2151649 

0.2151157 

53.618907 

1.203E-06 

6.685E-08 

6.685E-08 

0.1129 

26.794682 

0.0948301 


0.5496721 

10.704918 

0.7162295 

178.52459 

4.006E-06 

2.226E-07 

2.226E-07 

0.3759016 

89.213115 

0.3157377 


Oz  troy  Ib/Oz  troy 
0.0000396  0.0685714 


Waste 


Water  return  to  river  163.3  80.403742  267.70492 

(Non-contact) 

Steam  Condensate  to  river  0.2293  0.1 129  0.3759016 

(Non-contact) 


Air  Emiosslon 


NOx  0.003348  0.0016484  0.0054885 

(value  is  for  N02) 


(CRC  ’66) 
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HN03  +  NH3N03  Syn.  Steam  A 


Nitric  acid  and  Ammonium  nitrate  synthesis 
Area  B  Steam  Plant 
Source:  for  all  data 

Technical  report  HDC-1 25-95  Pg  26 

By  Laurie  J.  Brown 
Holston  Defense  Corporation 
Subsidiary  of  Eastman  Chemical  Co. 
Kingsport,  TN  37660 


kg 

kg 

Cone. 

Raw  data 

per  kg 

per  kg 

in  lb 

Steam 

Steam 

Product 

Steam 

50.75 

1 

1 

0.9230959  weighting  according  to  coal  utilization 

Output 

To  Block  Plant 

Cinders 

0.3436 

0.0067704 

Fly  Ash 

0.2655 

0.0052315 

0.0048292 

tolWTF 

Boiler  blowdown 

1.269 

0.0250049 

0.0230819 

with: 

Phosphates 

Sulfates 

Sulfites 

Cooling  Water 

11.45 

0.2256158 

0.208265 

with: 

fly  ash 
cinders 

Inputs 


Materials 


Energy 


Waste 


Air  Emiossion 


Coal 

5.037 

0.0992512 

0.0916184 

Air 

70.52 

1.3895567 

1.282694 

Filtered  Water 

63.43 

1.2498522 

1.1537334 

Boiler  Guard 

0.0002684 

5.289E-06 

4.882E-06 

Conquor3475 

9.305E-05 

1.833E-06 

1.692E-06 

C-1  Antifoam 

8.459E-06 

1.667E-07 

1.539E-07 

Rock  Salt 

0.01196 

0.0002357 

0.0002175 

Sulfuric  acid 

0.01408 

0.0002774 

0.0002561 

Electricity  kWhr 

0.1756 

0.0034601 

0.003194 

Fly  Ash  to  Landfill 

0.3036 

0.0059823 

0.0055222 

VOCs 

0.0001261 

2.485E-06 

2.294E-06 

NOx 

0.03451 

0.00068 

0.0006277 

CO 

0.01259 

0.0002481 

0.000229 

SOx 

0.09571 

0.0018859 

0.0017409 

Particulates 

0.001209 

2.382E-05 

2.199E-05 

Flue  gas 

74.5 

1.4679803 

1.3550865 

Anionic  polymer  surfactant  "BoilerGUARD  APG",  Calgon 
Diethylhydroxylamine,  hydroquinone,  Calgon 
Akoxylated  alcohol  solution,  Calgon 


Coal  utilization  breakdown  for  by  product  distribution 

Ib/lb  RDX 


Coal 

Coal 

5.037 

Cinders 

0.3436 

Ash 

0.5691 

Page  1 


HN03  +  NH3N03  Syn.  Steam  A 


Energy  coal 

4.1243 

92.31% 

Cinder  Coal 

0.3436 

7.69% 

Utilized  coal 

4.4679 

100.00% 

Page  2 


HN03  +  NH3N03  Syn. 


IWTP  B 


Nitric  acid  and  Ammoniumnitrate  synthesis 
Area  B  Water  filtration 
Source:  for  all  data 

Technical  report  HDC-1 25-95  Pg  30 

By  Laurie  J.  Brown 
Holston  Defense  Corporation 
Subsidiary  of  Eastman  Chemical  Co. 
Kingsport,  TN  37660 


Product 

Cone. 

Raw  data 

in  lb 

per  kg 

Filtered  water 

Filtered  water 

560.2 

1 

Output 

tolWTF 

Water 

27.17 

0.0485005 

with: 

Alum 

0.1154 

0.000206 

Filter  backwash 

67.56 

0.1205998 

with: 


Inputs 


Materials 

River  water 

655 

1.1692253 

Hydrated  lime 

0.0008082 

1.443E-06 

Al  Sulfate 

0.03795 

6.774E-05 

CI2 

0.002547 

4.547E-06 

Energy 

Electricity  kWhr 

0.7422 

0.0013249 

Waste 


Air  Emiossion 
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HN03  +  NH3N03  IWTP  All 


Industrial  Wastewater  Treatment  Facility 
Both  areas 
Source:  for  all  data 

Technical  report  HDC-125-95  Pg  32 

By  Laurie  J.  Brown 
Holston  Defense  Corporation 
Subsidiary  of  Eastman  Chemical  Co. 
Kingsport,  TN  37660 


Product 


Cone. 


Raw  data 
in  lb 


kg 

per  kg 
wastewater 


Output 

Inputs 

Materials 
IWTF  streams 


Energy 


Waste 


landfill 

landfill 


Wastewater 

329.5 

1 

NaOH  20% 

0.0314 

9.53E-05 

NaOH 

0.2 

0.00628 

1.906E-05 

water 

0.8 

0.02512 

7.624E-05 

Quicklime 

0.002363 

7.171E-06 

FeCI2  25-35% 

0.01109 

3.366E-05 

FeCI2 

0.3 

0.003327 

1.01  E-05 

water 

0.7 

0.007763 

2.356E-05 

HCI  33% 

0.0002453 

7.445E-07 

HCI 

0.33 

8.095E-05 

2.457E-07 

water 

0.67 

0.0001644 

4.988E-07 

Magnifloc  496 

3.691  E-05 

1.12E-07 

Filtered  water 

14.96 

0.0454021 

Electricity  kWhr 

0.2042 

0.0006197 

Treated  Industrial  waste  water 

344.3 

1.0449165 

Biological  sludge 

0.1533 

0.0004653 

Alum  Sludge 

0.1154 

0.0003502 

Air  Emiossion 
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Sheet  Description:  Emissions  are  from  Engineering  estimates,  basic  solvent  is  assumed  to  be  pyridine  at  2X  excess  and  NOT  recycled 

Engineering  calculation  of  the  Energy  requirements  and  precursor  requirements . 

Dichlorodi azodialdehyde  manufacture  from  hydrazine  and  phosgene  are  included  in  the  calculations 
This  page  calculates  the  vendor  emissions  ftom  a  plant  producing  Diisopropyidiazodicarboxilate. 

Not  included  are  raw  material  production  or  extraction  or  water  use. 
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Notes:  This  section  is  where  the  project  specfic  calculations  take  place.  Information  on  LCI  components  from  below  is  taken  and  the  proper 

cO'product  allocation  scheme  applied.  It  may  be  necessary  to  preface  this  section  with  a  section  detailing  the  co-product  allocation 
rules  or  calculations. 


5 

< 


;S8! 


;  s  s 


:  X  X 

>  *j2  2 


•S  »  c  c  c  y  y 


o  £ 

£  ® 

o  o 

®  K 

Qi  O 


£  S  1 1  §  8  8 

'T  § 


O 

a:  £ 
o  o 

1  o  o 
I  o  o 
I  (O  o 
;  CO  o 


a,  «,  O 

x:  c  q: 
O  O  O 

CM  O  CM 
■M-  O  t- 

in  ^ 

CO  lO 


O  ( 

a:  I 

o  < 

CO  m  '' 
CM  CD  ' 
CM  CO  < 


Q 
o 
=)  . 


®  o 
^  z 

3  3 


tffl 


i  e  s 

!  =)  J-  _  Z  >, 

;  t  >  -Q  -Q  ™  <0  01 

>  CQ  >  Xl  X3  O)  C3>  ^ 


2  ®  z  • 

O  5  *; 

«  z:  j-  —  •  < 

»_  %  ra  fc  ro  3 

>s  E  C7>  2  C7  o  : 


o>  _ 
c  ‘ 

Q.  g  -  ' 
Q. 
ta  s 

5*8 


a 

E  o 


£  ^  CM  ' 

o  o  CO 

■M-  CO  CO 
•»-  O  CM 
CO  O  ^ 
CM  O  O 
d  CD  o 


iaS 


2>  CB  (D 

c  a.  Q. 

IZ  T. 

Ill 
113 
i  S  1.3 

CM  O  O  CM  O  CO 
kJ  O  O  CO  o  ^ 

^  o  o  o  o 

CM  CO  r-  CM 


o  a>  , 
00  ^ 
CM  CO 


TT  CO  CO  ^ 

00  ^  CO  CO  o> 

O  O)  O  0>  o> 

00  O  O  O  C7> 

CM  o  o  o> 

CD  d  ci  CO  CD 


O  O 

ii 

& 

I  o 


S  c  N  X 
y  o  JN  CD  _  o 
S  z  “  O  M 

m  o  o  o  X  2 
S  »  S  S  3  $ 
S  S  2  S  S  S 


E 

8 

—  ®  ffli 

o  £»cm  cm  O  S 

E  -o  2  O  O  <  o 


(0  eg 

.■^  s 

in  o 

£  E 


CO  •M' 

ffi  o 

2  d 


0)  w 


i  2  a 

1  ^  -S 

8  f  8 

CO  ^  c 

2  o  .S 

^  c  id 

8  S 

JO  -o  CO  c 

c  £  ®  a 


®  tS  ®  c 
g  8  c  § 


■6  s 


g,|  s 

Mi 

2  E 

o  £ 

^  S  ■£  2 

c  3  ®  r 

—  XD  £  ® 

^  .9  CO 

.§  CM  5  ? 

E  O  o  i 

2  ®  in  $ 


1 1  S  ' 
«  «  a 

O 


.2  xs 
_  D 
O 


.9  Q  ® 

2  I  2  I 

?.§  8- e 

X  O  «  Q. 

CM  CM  CM 


£  -  a  ^ 


> 

o 

X3 

c 

I 

b 


§ 

3 


Resources:  Energy  input  Raw/  Raw/  Raw/  Transformed  Transformed  Transformed 

LCI  component  Input  Units  Input  Quan.  nput  Std.  Dev.  DQI  Units  Quan.  Std.  Dev. 

Fossil  fuel  (general)  MJ/kg  Diazo  0  MJ/Kg  Diazo  0 


Reaction  temperature  is  assumed  to  be  kept  constant  by 

removal  of  all  heat  formed  during  the  reaction  Electric  Demand 


£  fN 


UJ  LU 

o:  0^ 


s  s 


o  o  o  o  o  tn 


o  o  o 

N  N  N 

Q  Q  Q 

III 

^  ^ 


O  i2 
O  o 
O  ° 


S’  E 


I  o> 

Q.  O 


o  ^ 
■2  ^ 
«  3 

42  E 


o  O 
c  B 

2  CO 


I  O 


«n  o)  m  o) 

tf>  CD  lO  CO 

CO  ^  CO  ^  ^ 

OO  C»  ^  O  Tf 

r>.  to  C7>  lo  o) 

0>  ^  to  CO  (D 

d  d  CD  CD  ^ 


^  CO 

T-  O  O 

cvi  d  d 


o  o> 
gg 

OJ  o 


•  (3i  i 

to  tr  o>  to  o> 

to  CO  to  CO 
CO  •tr  COST¬ 
CO  00  o  Tf 

1^  to  o>  to  c:> 

CJ)  ^  to  CO  CD 

d  d  d  d  'T 


,000000000 

Snnnnnnnmn 

:(DC0<DCDCD(DraC0(Q 

ibbbboSboQ 

0)a)C3)0)0)0)C3)010) 

o)a)a>C3)cncno)cno) 


oooior::.r;^oo3iooo 
000  V  ^ 

UJ  Ui  UJ  LU  lU 

CN  ^r  CO  'tr 


1,-  00000000000 
■  iSNtMNNNNNNNNN 

i^bbbbbbbbbbb 
i  o)0)o>o>o>o)o>o>o>o>o> 

cococococococococococo 


I  2 


«  1^  O  U3  to  ( 

9  9  9  9  9 

111  UJ  UJ  UJ  UJ 


O  O  CD 
^  CD  CD 
h*.  to  1- 
to  CO  CD 


O  h- 
h- 

00  O 
to  ^ 


2  c/) 


00000 


i  c 

O  CO 

18 


00000 


«  3  b  b  b  b  b 

^  0)0)0)0)01 

bC  ^  ^ 

CO  CO  CO  (O  CO 


5  B 

B  tn 


cc  ^ 


00000 


^2 
CC  3 


c  o 
2  3 


£g 

S  3 


S  tB 


^  I  i 

<0  ?  ^ 
3^c>^  SJ 

|S§ 

y  .sc  -5 


?|  £ 
2  ^  ■o 


000000000 

S3raragww«®«ra 

^Bbbbbbbbbo 

B*0)0)0>0)0)0)0>0)0> 

CM 


■=  0)  • 


S’  2 

O  ~  «  o  ^  ^ 
j  O  z:  O  Cl  X 


g-CM 

«  O  I 


S!$S! 

^  o  o>  < 


00  CO  Oh- 


-^SSSSSSSSSSS 

^^bbbbbbbbbbb 

Q.cn0)0)0)0>0)0i0)0)0)0) 


O 

o  S' 

0)  o  c  0 

®  S  S-  c  2 

^  S’  2  S  =§  B  > 

iOO^'S.oDl’S.OO  S 

■  COZCLXBOQ-XXX 


~  o  o  o  o  o 

5  -g  b  b  b  b  b 

o.  O)  0>  0>  O)  o> 

B  ^  ^  ^  ^ 

O  0>  O)  Q)  O) 

^  ^ 


Q 

“  Q  Q  T3  2 

O  O  O  o  ® 

y  o  m  <  5  o 


a 


CM  h-  -O- 


!S 


Diisopropyldiazodicarboxylate 


o  o  o  o  o  o 


o  o  o  o  o  o 

N  N  N  N  N  N 

ra  ra  ra  CD  (D  nj 

b  b  b  b  b  b 

O  0>  O)  O)  O)  c> 

^  ^  ^  ^  ^  ^ 
CO  CO  CO  CO  CO  CO 


o  o  o  o  o  o 


o  o  o  o  o  o 

N  N  N  N  N  N 
ra  n  ^  ra  CD  CD 

b  b  b  b  b  b 

O  O)  O)  O)  Cl  oi 
^  ^  ^  ^  ^ 
5*  5*  ^  ^  ^  ^ 


S  c 


O 


§  ~  S  o  ® 

Is  2  II 

^  ^  8-  cy 

Q.  X  J2  O  Q-  Q. 


I  O 


i®  ts  o  ■ 


o  o  o  o 


ra  (D 


c  2 

I  ? 


S  I  S 1 1 

O  2  .52  £  ® 
-J  CL  Q  Q.  X 


£  £ 


o  o  o  o 


o  o  o  o 

*2  N  N  N  M 

£  ®  ®  ® 

«  3  b  b  b  b 

CD  0  0  0)0) 

^  ^ 


O  ^  CM  »0  CD 
If)  ^  CM 

VO  in  o 

CO  ^  O)  ■0■ 
00  OO  ©  -VT 
VO  O  O) 
O)  ^  CD 
O  O  ^  CN 
O  O  CO 


:  „  o  o  o  O  o 

.  «2  IM  N  N  N  N 

'  '=  ®  ®  ®  ro  n 

i  3  o  Q  b  b  b 

>  o  o  o  o  o 

^  ^  ^ 


o  o  o  o 


Q 

^  2 


I  6 


SiSifeS 

s  s  s  ^ 

lo  o  (» 

c3»  t-  r..  GO 
o  O  3  CM 


N 


_  b  b  b  b 
9-0000 

^  ^  'iC  ^ 

o 

I  I 


9-  O  _ 


~  o  o  o  o  o 

^  5  s  s  s  s  ^ 

2  ^  b  b  b  b  b 

9-00000 

^  ^  ^  ^ 


8  g  w  2  =o  t) 
—  S  o  tj  c  'c 
O  ~  -c  ^  >»  >, 
-4  O  Q.  X  CL  £L 


</i 


Page 


Sheet  Description:  Emissions  are  from  TRl  database. 

Engineering  calculation  of  the  Energy  requirements  and  precursor  requirements  . 
This  page  calculates  the  vendor  emissions  from  a  plant  producing  Phosgene. 

Not  included  are  raw  material  production  or  extraction  or  water  use. 
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Energy  Information  Administration,  1994.  Manufacturing  Consumption  of  Energy:  1991, 
DOE/EIA  0512(91). 
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Notes;  This  section  is  where  the  project  specfic  calculations  take  place.  Information  on  LCI  components  from  below  is  taken  and  the  proper 

co-product  allocation  scheme  applied.  It  may  be  necessary  to  preface  this  section  with  a  section  detailing  the  co-product  allocation 
rules  or  calculations. 


United  States  Department  of  Energy.  Energy  Information  Administration.  1994.  Emissions  of  Greenhouse 
Gases  in  the  U.S.:  1907-1992,  DOE/EIA-0573. 
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Notes:  The  share  of  N.G.  used  as  feedstock  for  Ammonia  vs.  fuel  is  used  to  reduce  emissions  estimates  to  account  for  N.G.  not  consumed  in  boilers. 


N.G.  is  used  as  a  feedstock  through  a  reforming  process  to  produce  hydrogen  gas.  This  is  the  predominant  process  for  ammonia  production  in  the  U.S 
The  hydrogen  Is  reacted  with  nitrogen  to  form  ammonia.  This  process  results  in  the  production  of  carbon  dioxide  and  carbon  monoxide. 

Carbon  monoxide  can  be  converted  back  to  carbon  dioxide  through  the  water-gas  shift  reaction.  Carbon  dioxide  has 
industrial  use  in  several  areas  including  the  manufacture  of  urea  from  ammonia, 

but  some  carbon  dioxide  is  emitted  from  the  process.  These  and  other  process  related  emissions  are  treated  in  Table  25. 
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Sulfunc  acid  is  used  in  the  manufacture  of  many  precursors  to  TNAZ.  Emission  consist  primarily  of  sulfur  dioxide  and 
acid  mist.  Sulfur  dioxide  emissions  are  primarily  a  function  of  the  conversion  efficiency  from  S02  to  S03  in  the  plant. 


Sheet  Title:  Chlorobenzenes  (mono-  for  triphenyl  posphine  production) 
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Source:  Faith  Keyes  and  Clarke's  Industrial  Chemicals 

By  F.  A.  Lowenheim,  M.  K.  Moran 
Wiley  Interscience,  1975 
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HCI  emission  calculation 
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Open  scrubber  assumed  to  equilibrate  so  that  vapor  containing  1/760  parts  volume  HCI  is  displaced  from 
the  scrubbing  chamber  by  the  incoming  water/HCI  stream  20%  HCI 

7,90E-01  Kg  HCI  produced/Kg  Chlorobenzene 


2  X  I 


lO  CD  O 
O  O 


O)  C  lo 

'W  CD 
_  O  O 

5  Q- 

^  I  o 

£85 

o  °  ° 

I  ®  ° 

CC  > 


N  N 

m  CD  o 

0^ 

000 


o> 

? 

d 

d 

d 

d 

0 

O) 

0) 

(D 

t) 

T3 

to 

tT 

CO 

0 

0 

to 

2 

CM 

c 

to 

CO 

s 

0 

0 

CM 

CM 

h- 

£ 

■0 

0) 

CD 

0 

0 

CD 

c 

0 

00 

h- 

00 

CD 

N- 

CO 

CM 

0) 

CD 

d 

CM 

0 

■D 

0) 

c 

T— 

0 

N; 

rS 

CM 

rS 

r-i 

3 

TJ 

0 

N 

CO 

CD  ^  T- 
T-  10  O  O 

06  csi 

T-  Tj-  tt 


O  O  10  CO  CO  o 

T“  00  ^ 

CN  CM 
CD 

N.  00  CD 
0>  00  CD 
CO  CD  00 
0>  CM  O 
CO  CD  O 


ggooooog 

iSoooooooo 

‘E-c:-cx:^^^x:jz 

IDOOOOOOOO 

^  ^  S  ^  ^  S  ^ 


O  O  to  CO  CO  o 
T-  00  M- 
CM  CM 
T-  CO  M“ 
r«-  00  CO 
CD  00  CO 
CO  CD  00 
CD  CM  O 
CO  CD  O 
C>  CD  C) 

Xi  Si  Si  Si  ^ 
2  2  2  2  0  0 
000000 
^  ^  ^  ^  sz  s: 

000000 

^  ^  s  ^  ^  ^ 


_•  -C 

O  CO  *= 
(/)  CL  2 
—  —  0) 
o  o  > 
X  X  o 


ct  8  9  9-  oi 

^  a.  a  N  N  o 

O  2  O)  N  CD  CD  ^ 

g-  o  N  “  SN  o 

>  O  m  O  O  O  CO 


E  ^  2  c  c  E 

8  -  -  o  S  i  3 

—  3cDcC^'T3^ 
Q^coooo^oiS 
^OZOiCDOCOO 


Raw/  Raw/  Raw/  Transformed  Transformed  Transformed 


II 

II 


II 

II 

II 

II 

II 

II 


II 

II 

II 

II 

II 


II 


oooooooooo 


N 

N 

N 

N 

N 

N 

IM 

N 

C 

C 

C 

c 

C 

C 

C 

C 

0 

0 

0 

0 

0 

0 

0 

0 

X) 

X) 

X) 

X) 

JD 

X3 

X) 

O 

O 

O 

2 

O 

O 

g 

o 

O 

O 

o 

O 

O 

JO 

x: 

JZ 

x: 

x: 

x: 

O 

O 

O 

O 

O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O) 

"o 

O) 

o 

o 

O) 

oooooooooo 


^  ^  ^  ^  JD  ^ 

o  o  o  o  o  o  o 


o  o  o  o 

^  ^  JC  ^ 

o  o  o  o 

0  0)0)0) 

^  ^  ^  ^ 
o  o  o  o 
^  ^  ^  ^ 


o  o  o 

^  -C  ^ 

o  o  o 

o  o  o 

^  ^  ^ 
o  o  o 
^  ^  ^ 
0 
'co 
E 


+ 

X 

w 

c 

o 

*o 

0 

U) 

T3 

0 

■D 

0 

3 

p 

C 

w 

o 

> 

C 

o 

0 

0 

— 

o 

0 

0 

0 

•a 

0 

t/i 

Q. 

T3 

O 

u 

< 

0 

CM 

o 

V) 

b 

« 

O 

0 

O 

o 

0 

E 

-n  00  -r- 

1  ?!  8 
•2  I  d  S 

2  O  °  O 

w 


3  0  0 


X)  ^  JQ 

0  2  2  2 

.”ti  o  o  _g 

^  -E  x:  ^  -C 

o  o  o 

QC  o  O  O  O 

g-  ^  ^  ^ 
o  o  o 
^  ^  ^ 


E  0  0 
g  g  .a 
o  c  E 

^  ■S  I 

o  y  ^ 

o  2  o  0 

J  CL  1-  < 


Page 


_  -a 
CD  O 

§  ^ 


E  rs 


o  nj 
UJ  2 

8  S 

.2  § 

CL  31 

E  m 


T3 

I 

at 

(O 

< 

E 

C  "O 
.9  2 

TO  S 
;=  0> 
•—  ^ 


if 

TO  ^ 

E  J9 

E  3 

8  S 

a  ^ 

Q.  ® 

E  UJ 

8.3 


in  in 
in  in 

8  8 


CM  <0 

CO  in 
oo  in 
O)  O) 
CM  CO 


I 


CO  in 
CM  o 


o 

d 

h- 

CO 

CO 

<£> 


oo 

in 

S 

TT 

CO 


i  ^ 

C=  O) 

®  s 

5  i 

c  E  O' 

.9  3  T3  S 

«  52  P  g 


OJ  CO 

S 


I-  iJ  o 
5  8 

.gi  ”  o)  ^ 
•i=  TO  ^  § 
®  fli  — 1  hi 

DU 


odd 


cn  oo 

00  CO 

cn  CD 

?  s 


i  I  38 


E  X) 
E  E 


TO 

$ 


*« 

® 


to  o 

^  I 

SI 


£  I 
SI 


^  CO 
h-  -r- 
^  CM 

in  c3> 

CO  CO 
o>  -f- 
co  in 


CO  CO 
CO  CO 
CO  CO 


in  CM 
a>  00 
o>  oo 


CM  »- 

in  CO 

o>  CM 
C»  CM 
CO 


c  c  ® 
®  ®  ^ 
y  M  o 


2  2®  E 

a  o  o  S 

o  o  o  o  S 

=6  =6  E  X  m 


§  I  3 

^  2  ^ 

2  ^  CO  % 
^  QQ  ^  0>  b 

9  00  00  in  ^ 

i  S  S  S  S 

o  ^  CM 


3  ♦- 

5  ^  TO 
■O  O  o. 

®  0)  o 

JZ  U 

0)  E  o 
.>  ®  t> 

2  TO  45 

c  S  c: 

TO  i  O 

ale 

I  ^  I 

■“TOC 

c;  £  a. 

S  «  -S; 

h-  5 

s- 


i  2  £ 


-8 


o  •*- 
in  o 

T— 


^  in 


3 


■  cn 

O) 


CO 

h-  CO 

in  in 
in  CO 
CO  h- 

in  00 

Q!  S 

m  -M- 
00 

^  !8  S 


X 

o 


$ 

8 


r2 

E 

o 

•  o 

■  c 
o 
E 


9 

5 

TO  = 

« I 

to  O 


C 

o 

ll 

g  8. 

E  2 

I  ^ 

=  g 

E  ? 


8 

o 


s 


«  £ 


S 


S  55^ 


m  CM 

^  i2 


2  2  g  S  2 

2  2  -i  5  I 

m  m  3  X3  $ 

CO  cn  CD  CO  t- 

cd  00  P  P  P 


cr  O'  TO  «_ 

2  2  g  2  2 

2  2  ^  N  TO 

CD  QQ  w  QQ  $ 

in  d  CM  d  P 


oo  in  ^ 

cd  P 

oo  CM  g 

CM  CM  V 
T-  CO  00 
CM  •«- 


CM  in 
T-  cn 
CO  in 

00  CM 
O)  CO 

T-:  00 

m  cn 
in  Oi 


-M- 

_  CO  o 

1  8  S 

8  o* 

cr  cr  TO  N 

®  0)  c  (D  ® 

2  2  ^  £  TO 

CD  CD  (o  TO  > 

CM  cn  CO  ^  ^ 

05  m  O  CO  p 

O  T-  ^  ^  O 


cr  cr  9 

2  2  S 

S  S  o 

CO  cn  CM 

s  »  d 

cd  2 
CM 


TO  O 
TO  O 

X  O 


o  a  E 


^  s 


d  " 


CO 

S  i 


^  ss 

oo  JO 


H 

tn 

nj 


112.56  132  17611  0.88  CIBz  10943  497.19283 

147.01  174  CI2BZ-P  10611 

147.01  173  CI2Bz-m 


References/Citations:  SimaPro3  (entry  of  Nov  18  94) 

Average  data  for  19  european  cracking  fascilities  producing  monomer  quality  ethylene. 
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Benzene  Coal 


Coal  type  MoistureSulfur  Heat  value 


% 

% 

%dry 

Btu/lb 

Btu/lbdry 

Sub  bit  C 

26 

0.3 

0.41 

8230 

11122 

HV  bit  A 

2.9 

0.6 

0.62 

14170 

14593 

low  sulfur  coal  heating  value 

Sub  bit  B 

22.2 

0.5 

0.64 

9610 

12352 

Brown  CGerman 

55 

0.3 

0.67 

4830 

10733 

Sub  bit  A 

13.9 

0.6 

0.70 

10330 

11998 

SD=  1296  0.108 

Meta  Anthracite 

9 

0.7 

0.77 

10080 

11077 

Avg=  11979 

LVbit 

2.9 

0.8 

0.82 

14400 

14830 

median 

Anthracite 

4.3 

0.8 

0.84 

12880 

13459 

Lignite 

36.8 

0.9 

1.42 

7000 

11076 

MV  bit 

2.4 

1.5 

1.54 

14490 

14846 

Semi  anthracite 

2.1 

1.7 

1.74 

13700 

13994 

HV  bit  B 

6.7 

2.6 

2.79 

12390 

13280 

HV  bit  C 

15.4 

2.9 

3.43 

10740 

12695 

bit=Bituminous 

V=Volatility 

L=low 

M=Medium 

H=high 

Source:  Kirk  Othmervol  4  1949 
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Benzene  NG 


Natural  gas 

Mwt  heat  valiRio  ArribTerrell,  TStanton.San  JuaOlds  FieCliffside,  Texas 
mol%  MJ/M'^S 


Methane 

16.04 

37.57 

96.91 

45.64 

67.56 

77.28 

52.34 

65.8 

ethane 

30.07 

65.83 

1.33 

0.21 

6.23 

11.18 

0.41 

3.8 

propane 

44.1 

93.6 

0.19 

3.18 

5.83 

0.14 

1.7 

butane 

58.12 

121 

0.05 

1.42 

2.34 

0.16 

0.8 

pentane 

72.15 

148.8 

0.02 

0.04 

1.18 

0.41 

0.5 

C02 

44.01 

0 

0.82 

53.93 

0.07 

0.8 

8.22 

H2S 

34.08 

23.7 

0.01 

35.79 

N2 

28.01 

0 

0.68 

0.21 

21.14 

1.39 

2.53 

25.6 

avg 

SD  (rel) 

Mol  wt; 

16.63 

31.18 

20.92 

21.28 

25.49 

20.45 

19.61 

10.79% 

heating  MJ/M''3 

37.6 

17.3 

34.9 

46.8 

30 

30.7 

39.77 

12.81% 

MJ/KG 

50.66 

12.43 

37.37 

49.25 

26.36 

33.63 

45.76 

13.03% 

0.0224M''3/mol  too  high  too  high  too  low 

C02  Sulfur  heating 

content  for  content  value(?) 

use 

Source;  KirkOthmerEd4vol  12  1993 

MJ/m^3 

Heating  values  for  processed  city  natural  gas; 
source  Perry  6  (1964) 
averaged  from  table  9-14 

Btu/scf  1050 

Synopsis  of  table  9-14 

Mwt  heat  valiBaltimorColumbiHoustonBurmingWashingPhoenix 


mol% 

MJ/M^3  Md 

Ohio 

Tx 

Al 

DC 

Az 

Methane  16.04 

37.57 

94.4 

93.14 

92.5 

93.14 

95.15 

87.37 

ethane 

30.07 

65.83 

3.4 

3.58 

4.8 

2.5 

2.84 

8.11 

propane 

44.1 

93.6 

0.6 

0.66 

2 

0.67 

0.63 

2.26 

butane 

58.12 

121 

0.5 

0.22 

0.3 

0.32 

0.24 

0.13 

pentane 

72.15 

148.8 

0 

0.09 

0 

0.12 

0.05 

0 

C02 

44.01 

0 

0.6 

0.85 

0.27 

1.06 

0.62 

0.61 

H2S 

34.08 

23.7 

0.01 

N2 

28.01 

0 

0.5 

0.21 

21.14 

2.14 

0.42 

1.37 

avg 

SD  (rel) 

Mol  wt; 

17.13 

16.94 

23.38 

17.33 

16.96 

18.18 

18.32 

15.84% 

heating  MJ/M^O 

39.2 

38.34 

38.46 

38.2 

38.87 

39.95 

38.84 

1.10% 

MJ/KG 

51.27 

50.71 

36.84 

49.37 

51.32 

49.22 

48.12 

13.30% 

0.0224M''3/mol 
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References/Citations:  SlmaPro3  (entry  of  Nov  1 8  94) 

Average  european  data  for  NaOH/CI2  producers. 
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Sheet  Description:  Emissions  are  from  TRI  database. 

Engineering  calculation  of  the  Energy  requirements  and  precursor  requirements  . 
This  page  calculates  the  vendor  emissions  from  a  plant  producing  Isopropanol. 
Not  Included  are  raw  material  production  or  extraction  or  water  use. 
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The  following  reported  emissions  were  ascribed  to  Isopropanol  production  Isopropanol  Propene  sulfuric  acid  Isopropyl  ether 
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Technical  report  HDC-125-95  Pg  8 

By  Laurie  J.  Brown 

Holston  Defense  Corporation 

Subsidiary  of  Eastman  Chemical  Co. 

Kingsport.  TN  37660 
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Acet.  anh.  acid  Cone. 


Acetic  acid  for  Acetic  Anhydride  synthesis 
Concentration  of  the  acid 
Source:  for  all  data 

Technical  report  HDC-1 25-95  Pg  6 

By  Laurie  J.  Brown 

Holston  Defense  Corporation 

Subsidiary  of  Eastman  Chemical  Co. 

Kingsport,  TN  37660 


Product 

kg 

kg 

Cone. 

Raw  data 

per  kg 

per  kg 

in  lb 

Acetic  acid 

Acetic  acid 

solution 

dry  base 

3.935 

1 

1.003009 

AcOH  0.997 

3.923195 

0.997 

1 

(Water)  0.003 

0.011805 

0.003 

0.003009 

Output 

Slopwater  from  flashing 

6.652 

1.6904701 

1.6955568 

tolWTF 

AcOH  0.05 

0.3326 

0.0845235 

0.0847778 

W  0.95 

6.3194 

1.6059466 

1.610779 

Low  Boilers  from  flashing 

n-PropylOAc  purification 

to  IWTF 

Propylformate 

MeOAc 

Acetone 

MeN03 

EthOAc 

0.2146 

0.0545362 

0.0547003 

Sludge  from  sludge  heater 

0.02825 

0.0071792 

0.0072008 

to  IWTF 

AcOH  0.1 

0.002825 

0.0007179 

0.0007201 

Water  0.9 

0.025425 

0.0064612 

0.0064807 

High  b.p.  materials 

condensate  to  steam  plant  A  6.264 


Inputs 


Materials 
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Acet.  anh.  acid  Cone. 


AcOH 

total 

3.978647 

1.011092 

Recover  acid 

AcOH 

0.593 

5.884 

1.4952986 

AcAnhd  recycle 

AcOH 

0.795 

0.537 

0.1364676 

Fresh  from  Malinkrodt 

AcOH 

0.2 

0.3126 

0.0794409 

Water  in  solution 

total 

2.754953 

0.7001151 

n-PropylOAc 

0.01036 

0.0026328 

N2 

0.01553 

0.0039466 

Filtered  Water 

6.532 

1.6599746 

Steam 

15.66 

3.9796696 

River  Water 

77.39 

19.66709 

Energy 

Electricity 

kWhr 

0.02044 

0.0051944 

Waste 


Water  return  to  river 
(Non-contact) 

Steam  Condensate  to  river 
(Non-contact) 

Air  Emiossion 

AcOH 

n-PropylOAc 

N2 


77.39  19.66709 


9.395  2.3875476 


0.004242  0.001078 

0.003653  0.0009283 
0.01553  0.0039466 


1.0141344 

1.499798 

0.1368782 

0.07968 

0.7022218 

0.0026407 

0.0039585 

1.6649695 

3.9916446 

19.726269 

0.00521 


19.726269 


2.3947318 


0.0010813 

0.0009311 

0.0039585 
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Acet.  anh.  acid.  Pur. 


Acetic  acid  for  Acetic  Anhydride  synthesis 
Purification  of  spent  acid 
Source:  for  all  data 

Technical  report  HDC-1 25-95  Pg  18 

By  Laurie  J.  Brown 

Holston  Defense  Corporation 

Subsidiary  of  Eastman  Chemical  Co. 

Kingsport,  TN  37660 


kg 

kg 

Cone. 

Raw  data 

per  kg 

per  kg 

in  lb 

Acetic  acid 

Acetic  acid 

Product 

solution 

dry  base 

5.884 

1 

1.6666667 

AcOH 

0.6 

3.5304 

0.6 

1 

(Water) 

0.4 

2.3536 

0.4 

0.6666667 

Output 

Condensate 

0.09333 

0.0158617 

0.0264361 

tolWTF 

AcOH 

0.02 

0.0018666 

0.0003172 

0.0005287 

W 

0.98 

0.0914634 

0.0155444 

0.0259074 

Explosive  Slurry 

0.4527 

0.0769375 

0.1282291 

to  ???  AcOH 

0.372 

0.1684044 

0.0286207 

0.0477012 

Water 

0.353 

0.1598031 

0.0271589 

0.0452649 

Salts 

0.176 

0.0796752 

0.013541 

0.0225683 

Explosive 

0.099 

0.0448173 

0.0076168 

0.0126947 

ANG-77  mix 

0.3733 

0.0634432 

0.1057387 

to??? 

Nitrates  of  Am 

0,74 

0.276242 

0.046948 

0.0782467 

Water 

0.242 

0.0903386 

0.0153533 

0.0255888 

AcOH 

0.005 

0.0018665 

0.0003172 

0.0005287 

Explosive 

0.01 

0.003733 

0.0006344 

0.0010574 

Inputs 

Gum 

0.003 

0.0011199 

0.0001903 

0.0003172 

Materials 

Spent  Acid 

total 

6.073 

1.032121 

1.7202017 

AcOH 

0.603 

3.662019 

0.622369 

1.0372816 

HN03  salts 

0.056 

0.340088 

0.0577988 

0.0963313 

explosives 

0.008 

0.048584 

0.008257 

0.0137616 

Water  in  solu 

0.333 

2.022309 

0.3436963 

0.5728272 

Page  1 


Acet.  anh.  acid.  Pur. 


NH3 

0.01639 

0.0027855 

0.0046425 

Explosive  (RDX) 

5.075E-05 

8.625E-06 

1.438E-05 

Gum 

0.00112 

0.0001903 

0.0003172 

Filtered  Water 

0.02818 

0.0047893 

0.0079821 

Steam 

4.68 

0.7953773 

1.3256288 

River  Water 

62.7 

10.656016 

17.760027 

Energy 

Electricity  kWhr 

0.05474 

0.0093032 

0.0155053 

Waste 

Water  return  to  river 

62.7 

10.656016 

17.760027 

(Non-contact) 

Steam  Condensate  to  river 

3.991 

0.6782801 

1.1304668 

(Non-contact) 

Air  Emiossion 

AcOH 

0.004242 

0.0007209 

0.0012016 

n-PropylOAc 

0.003653 

0.0006208 

0.0010347 

N2 

0.01553 

0.0026394 

0.0043989 
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Acet.  anh.  IWTP  All 


Industrial  Wastewater  Treatment  Facility 
Both  areas 
Source;  for  all  data 

Technical  report  HDC-1 25-95  Pg  32 

By  Laurie  J.  Brown 
Holston  Defense  Corporation 
Subsidiary  of  Eastman  Chemical  Co. 
Kingsport,  TN  37660 


Product 


Cone. 


Raw  data 
in  lb 


kg 

per  kg 
wastewater 


Output 

Inputs 

Materials 
IWTF  streams 


Energy 


Waste 


landfill 

landfill 


Wastewater 

329.5 

1 

NaOH  20% 

0.0314 

9.53E-05 

NaOH 

0.2 

0.00628 

1.906E-05 

water 

0.8 

0.02512 

7.624E-05 

Quicklime 

0.002363 

7.171  E-06 

FeCI2  25-35% 

0.01109 

3.366E-05 

FeCI2 

0.3 

0.003327 

1.01  E-05 

water 

0.7 

0.007763 

2.356E-05 

HCI  33% 

0.0002453 

7.445E-07 

HCI 

0.33 

8.095E-05 

2.457E-07 

water 

0.67 

0.0001644 

4.988E-07 

Magnifloc  496 

3.691  E-05 

1.12E-07 

Filtered  water 

14.96 

0.0454021 

Electricity  kWhr 

0.2042 

0.0006197 

Treated  Industrial  waste  water 

344.3 

1.0449165 

Biological  sludge 

0.1533 

0.0004653 

Alum  Sludge 

0.1154 

0.0003502 
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Sheet  Description:  Engineering  calculation  (rough) 

This  page  calculates  the  vendor  emissions  from  a  plant  producing  Acetic  acid. 

Not  included  are  raw  material  production  or  extraction  or  water  and  energy  use. 

(Energy  balance  is  assumed  to  be  close  to  0  due  to  exothermic  producer  gas  synthesis  process) 
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Sheet  Description:  Emissions  are  from  TRl  database. 

Engineering  calculation  of  the  Energy  requirements  and  precursor  requirements  . 
This  page  calculates  the  vendor  emissions  from  a  plant  producing  PCI3. 

Not  included  are  raw  material  production  or  extraction  or  vt/ater  use. 


Solid  Wastes 

in  containerP4  production  w  Kg/kg  MEK  5.8501 3E-07  Kg/kg  MEK  5.8501 3E-07 

Zinc  Compounds  Kg/kg  MEK  3.80251  E-05  Kg/kg  MEK  3.80251  E-05 


Notes;  This  section  is  where  the  project  specfic  calculations  take  place.  Information  on  LCt  components  from  below  is  taken  and  the  proper 
co-product  allocation  scheme  applied,  it  may  be  necessary  to  preface  this  section  with  a  section  detailing  the  co-product  allocation 
rules  or  calculations. 
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Sheet  Description:  This  page  calculates  the  vendor-independent  emissions  from  european  refineries  producing  monomer  quality  butylene 

Included  are  oil  extraction  and  transportation  from  the  well  head  to  the  refinery. 
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Sheet  Description:  Emissions  are  from  TRl  database. 

Engineering  calculation  of  the  Energy  requirements. 

Precursor  material  requirements  are  from  El  A. 

This  page  calculates  the  vendor  emissions  from  a  plant  producing  MTBE. 
Not  included  are  raw  material  production  or  extraction  or  water  use. 
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Source:  Emissions: 

TRl  database,  1993  data 

The  Van  de  Mark  plant  is  the  only  manufacturer  of  MTBE  for  open  sale  on  the  market  so  only  its  TRl  data  are  used 

The  following  reported  emissions  were  ascribed  to  MTBE  production  only:  MTBE  Methanol  Isobutylene  Cr 
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State  1994  Production  (3)  Cumulative  Cum.  Fraction  Irrigated  Non-Irrigated  Total  Percentage  %  Irrigated  Production 
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Executive  Brief,  Technical  Bulletin  IFDC-T>19.  International  Fertilizer  Development  Center,  Muscle  Shoals,  Alabama. 


Energy  Requirements  for  Fertilizer  Production  (GJ/metric  ton  fertilizer) 
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Energy  Intensity  of  Phosphate  Fertilizer  Production 
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Energy  Use  for  50  Kg  Polyethylene  Plastic  Fertilizer  Bags  (3) 

420  MJ/metric  ton  180  Btu/lb 
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Energy  Intensity  of  Insecticide  Production  (1  and  4) 
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Insecticides  Miscible  Oil  41,800  kcal/kg  (1)  75,240  Btu/lb  61%  23%  16% 

Wettable  Powder  5,100  kcal/kg  (1)  9,180  Btu/lb  43%  37%  20% 

Granules  23,600  kcal/kg  (1)  42,480  Btu/lb  42%  37%  21% 

Dust  23,600  kcal/kg  (1)  42,480  Btu/lb  42%  37%  21% 

Average  23,525  kcal/kg  42,345  Btu/lb  47%  34%  20% 


Notes:  There  is  extremely  wide  variation  in  pesticide  energy  intensity  estimates.  Though  pesticide  use  in  corn  farming  is  smalt  on  a  mass  basis, 
because  pesticides  are  very  energy  intensive,  the  overall  impact  on  corn  energy  use  is  not  insignificant.  Lacking  a  better  reason,  reference  2  will  be 
used  because  it  is  more  recent. 
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Notes:  Accordingly,  the  current  estimate  of  energy  use  to  produce  corn  seed  is  much  smaller  than  the  estimate  made  based  on  1970’s  data.  This  is  due  both  to  a  more  energy  efficient  economy  {i.e.  lower  btu/$  GDP)  and 

due  to  lower  seed  prices  (current  prices  are  equivalent  to  about  $0.45/tb  in  1977  dollars).  Interestingly,  my  estimate  of  the  energy  intensity  of  the  U.S.  economy  in  1973  is  also  about  12%  less  than  the  estimate  made  in  reference  2. 

Combined,  current  energy  intensity  estimates  are  only  about  40%  of  those  made  based  on  the  1970’s  data.  The  veracity  of  the  gross  argument  made  is  also  still  in  question.  As  a  rough  check,  however,  it  is  interesting  to  estimate  the 

energy  intensity  of  corn  production  based  on  the  same  method.  Ass  34,208  Btu/bu.  This  is  63.41  %  of  the  estimate 

made  in  this  report.  Thus  the  seed  energy  intensity  estimate  can  be  considered  a  valid,  but  crude,  estimate. 
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Potassium  Potassium  Chloride  400,923  short  tons  K20  p.  21  90.70%  Of  total  K20 
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Mid-Range  Energy  Intensity  Estimate 
1,801  Btu/lb  water 


Hill,  L.D.,  J.P.  Brophy,  S.  Zhang,  and  W.  Florkowskj.  1991.  Farmer  Attitudes  Towards  Technological  Changes  Affecting  Grain  Handling 
and  Quality,  Bulletin  805,  University  of  Illinois  at  Urbana-Champaign,  College  of  Agriculture,  Agricultural  Experiment  Station. 
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Total  Primaty  Energy  Consumption  (MEGS  Table  A1) 
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Table  28  Emissions  from  Diesel  Consumption  in  Limestone  Production  and  Farm  Input  Hauling 


U.S.  Department  of  the  Interior,  Bureau  of  Mines.  1994,  Mineral  Commodity  Summaries:  t 


0)  ^  Q)  0) 


(0  (D  (0  <0 


•OTJ'OTJTJ'O'OTO'O'O 


■O’O'OTJTJTJTJXJ'D 


OOOOOOOOOOOOOOOOOOOOO 


S  S  S 


s  s  s  s  s  s 


•«“vr>CMeNtnrv.O)t“0)CNO)0)0>ininoocoooooi 

t-^T-^’^cvicsic'ic^coi^ododododdd^’^'^'^ 

y-  r-  r-^^-.-T-T-r-T-i-^CVJCNCMC'JCJCM 


OTjCOT^OTlOr-ipT^lOCMr^OOT-^OiCNICNlOI^OJi- 

tv:odo>o>d'«-T-cN(Ni<oco’^dir)dr^ddddcN 


O 

o 

Q^mtoh»a>o>cO'»“<Nco^j-cDh~oor^coco^ioiON. 
.^oicvicvicvicvioi  endd  idiriiriddh^r^r^t^co 


I 

o  ra 
2  o 


D  c 
^  .9 


T-  I 

CO  o 

o  o 
d  d  I 


T-  eg  •«T  h-  ^  lO  CO 

o  ^  ~ 

d  q  o 


o  d  d  d  d 


f-iorotoco^t-cocoiocoT-OcP 

CyCNOCO^J-iOCDf^OOOCNIiO  O 

OOqOOOOOO^^^  O) 


ooooooood 


I 


1 

Cl. 


CD 

5 


J5  (» 
ir  t 


5 

CO 

s 


“g 
5  ? 


a  .o 


to  < 
T3  ly 

S  uj 
c  O 
Z>  Q 


ca  52 

II 


S  C  ^ 

flJ  .9  O 


CNt0(Dh»h-C7>O)CMCMCM^“ 


3  S  a 

®  ^  ^ 

i=  x:  to 

o  z 

i  °  i  _  , 

o  .2  -Go¬ 

to  c  3  "S  .s 

®  o  ■O  ®  _ 


2  2  1  i  s 

2  «  i  I  s 

ro  x:  *2  ®  oa 

■c  —  ^  ® 

o  O)  ra  £  - 

1  ^  2  s  I 

2  S,  “  ®  ^ 

^  .9 


O)  aj 

: 

-  w  o 

)  .  u 

“p 

■  CB  3 


Q  oi  O  D.  § 


i  E 


.9  £ 

TS  ^  Z 

■D  ®  £ 

S  ro  w 

Q.  ^  ® 

®  I  ? 

§  "  i  t  1 

1  I  S  » 

F  9  ©  ®  J 

.9  $  (o  10  I 

^  ^  a>  a>  i 


F  5  3 


~  C  _  _ 


?!  I 


;  a  :a  « 


.  c  « 

I  ©  © 

•  x:  ^ 
‘  »_  m 
©  — 


5  i  § 

Q>  0  m 

£ 

DC© 

to  O  Qi 


©  CO  . 


8  K 


£ 


»  9. 

©  C7> 

Z  2 


2  2 

at 


•  S  S  ^  3  I 


:  ■■=  ® 
’  ol  © 


o  2  2 

CO  CO  m 


D  £  £ 


S.  53,  CD  QQ 


®  s 

m  © 
©  .2 


8  9 


££*'*? 

®®0©=  u,w,  u. 

0CQ^8.h£  >lljx 


o  «  .9 

£  Q  ^ 

•2  -F  > 
x:  ^  ra 


o  o 
o  o 


© 

a: 

S’!!  © 
9  ©  2 

.2  (O  .© 
^  .®  Q 
O  Q  ^ 
.9  -  ? 
x:  £  © 

©  Oi  © 

>  3j  I 


2  2 
2  g 


Q  Q 

s  I  I  I 

O)  -t  I  _ 


CN  CM  r*!  CO  to  ^  ^ 


o 

o 

o  CO  CO 

t3  d  d  I 


■M-inioiotototor^r-^iotoio- 

<t^ir-:T-:^T-:^ir-^T-:^CMCMCMCM' 


^lOiOiOtncDtDtDtOtpl 

dddddddddd 


o  edddddddd 


t^coojm'.-r«-cot3»ini-r«-coo)ir)T-t->..j? 
x£^£yS2SSy2!2S>^f^®®o*ocMO 
oooooooooooooo»-ovn 
ddd 


ooooooooo 


•>< 

2 


^ir>eoo)^^m(Dr-^CMCMtDtor^i^T--t-Trto^co 

•^'M^'r^diriiriiotdioiduiiriioiridccitcir-^r'-iio 


tDCMtDtDinh-^^h-tOtMOOOOiOOOOO 

tMto'iriridh^ecioioj^d^'^q®cM®'Tqq 

T-r-T-T-'i-t-T-'.-i-^moooinr^oo^T-^toi 

intoiDto^oo^^-M- 

^CMCMCM 


o 

o 

gOC>0>T-CM^tpr-;000)OOCMOO<O^CMtOO>tOOOOJCJ> 

■ocMCMcototococofoto-'^incM'^coeocotoodoidid 


OtDtDOimCMCMCOlOOOcOOO-O-CMtDlOCOr-Oiin^ 
COT-0)COf^g3lO'^fOCOCMCMO^^t--t-0^0 
t-t-OOOOOOOOOOqOOOOOOCM 
dd  dddddddddd  ddddddevi 


©  ©  ©  © 
©  ®  ©  © 


^  w<«r^W'«r^WWWWWw(D<D(D0'^ 


TI'D'0T>T3T3'0TJ-a‘D-O’O-a‘D‘OTJt3T3-a-0 

oooooooooooooooooooo 

22222222222222222222 


?  S 

s  5 


9 

o 


Long  Haul  Di  Hydrocarbons  3.7  g/mile 

Ca  rbon  Monoxide  1 2. 1  g/m  i  le 

NOx  14.6  g/mile 


S’  0)  -S 

”  ®  D 

»_  TJ  o  « 

£  €  s  i 

§  .s  I  s 

a  m  ^  p 

9  ®  n  = 

^  3  >  O 

>*  5  o  ? 

.D  -r  — 

®  X  «  § 

?  OT  °  ^ 

^  .s>  (8  ■? 
5  Q  O  ffl 


r«.  CO  00  to 

®  lO  ® 

to  -o-  to  CD 


(J>  ID  CN  CM 
ID  CO  CO  CO 

CO  CM  CM 

CO  CO  CO 


m  1-  CD  CD 
!;=  1$ 
-O'' 


3  3  3  3 

^  €  €  € 
iO  JO  .Q  D 


O  O  O  05 
O  O  O  CM 

d  o  d  (3 


to  CM  in  lo 
to  in  00 

CO  CM  a>  CM 
(D  h.  <j5 


-Q  X  CM 
5s  CD  O  O 

X  O  Z  O 


U)  U)  <rt  (A 
C  C  C  C 

o  o  o  o 
®  ®  n  ® 
05  05  0>  3) 

B  ^  ^  2 

S  >7  2  o 


m  ir- 
«  ^  05 

^  ^  05  05 

a  C 


Emissions  froQuantity  Units 


D  D  D  D 

:S  «  €  5 


<n  rt 

9  9 

tli  LU 

TZ 

n 


9  ^ 

LU  CJ 


O  CM 

2  O 

<  o 


5  « 

ra  8 


-c  Q. 

D  O 

8-  ® 
•—  tfJ 

C  3 

S  I 

o  O 
©  ^ 
I 

CO  2 


0  o 


«  s  ® 


©  c 
CO  g 
•  ra 

I  i 


E  w 
2  c 
^  © 
c  c 

I  a 

iS  E 
.*2  8 


2  -5 

o  ~ 
©  > 
i:  ■© 


©  5 

^  ^  s 

i  I « 

Q  (o  s 


O 

■5 


w 

E  O 

i  Q, 


w  c 

3  © 

.y  « 

■c  a 

©  OT  - 
^  ©  O 

g  3  tS 

-^  ©  2 
W  c  ^ 

lu 

Q.  C  T3 
2  ® 
n  E  ® 

Si  I  ” 

©  3  - 

^  V)  U) 

I-  c  © 
P  OJ 

5^  ©  -cS 
-la 
s  E  I 
^  '5 

>  ^  8 

©03 

3  CO  oil 

3  .2  ® 

F  *" 
©*  ©  2 

§*2  -g 

o  g  © 

«  I  © 
2  ®  i 

w  o  2 
©  i_  c 
>  ©  - 
_® 


5  g  2 

E  8  3 

®  '5  g 

2^0 
2  3® 
©  -©  © 
8  2  ^ 

o  ©  ^ 


:  2  ^ 


£  2  ; 

C  2  : 

€  o 
»_  « 
2  - 
g  i  ^ 
1  « 
■^1 

i  IS  8 1 

.2  (A 


“iu 


s 


c  O 

inT 


© 

E  ® 

^  O) 


©  i= 

«  .2 


II  I 

£  2  i 

fft  2  ® 
«  ®  o 

i  ^  2 
r:  TJ  c 
c  "S  8 
®  8  c 

©  ws  3 
©  v_  »_ 

ra  2  2 
©  ©  © 
3  0  0 

®  ro  ra 


3  3  3  3  3  3  3 

B  B  Z  3  2  2  2 


c  c  c  c 
o  o  o  o 


^  ^  E  E  E  E  E 

£  £  £  £  B  B  B 

CM  g;  CN  CM  o>  CO  fO 

9  <5  9  o  CO  9  9 

UJ  UJ  LU  LU  <£>  LU  UJ 

O>—<OC0'^t-  — 
CD  CO  1-  O  ’f*  Oi 
(J)  U>  1-^  CM  CO  — 


2  2  2  c  3  ^ 


3  3  8  3  1  8  8 

C  C  C  C  F  c  c 

.2  .2  .2  .2  ^  .2  .2 

1  1  1  1  I  1  1 

2  2  2  2  E  2  2 


E 


B 

m 


ISIIill 

UJ  LU  LU  lU  UJ  LU  LU 
t^^coo  —  r^TT 
lO  ■*-  CM  lO  CO  CO  O 
CO  csi  r^;  'T  — 


3  3  3  3  3  3 

B  B  B  B  B  B 

c  c  c  c  c  c 

.2  .2  .2  .2  .2  .2 

1  I  1  1  1  1 

2  2  2  2  2  2 


9  9  9  9  CD  9 

LU  LU  lU  LU  F)  LU 

CD  ^  OO  ^  to  ^ 

CO  00  CO  ^ 

—  —  CO  —  CO 


2  2  2  2  ^2 

O  O  O  O  2  y 

io  B  B  B  u  !o 

8338^3 

C  C  C  C  E  F 

•S  :=  :=  :=  C  - 

1 1 1 1  i  I 

£  £  £  ^  F  ^ 


I 

a: 


O 

Q. 


o 

o 

> 


O  5  TO 

X  K  V  CM  A  2 

O  o  5  O  O  o  © 

Z  CO  Q.  O  O  Z  S 


o 

o 

> 


2  TO 


0  0  5  0  0 

z  CO  Q.  o  o  : 


3 

O 

Q. 

E 


X  X  -F  CM  ® 
O  O  TO  O  O  B 
Z  CO  Q.  O  O  O 
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5.83  million  btu/ba{1)  0.14  million  btu/gal Ion 
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Units  of  Ib/ton  of  total  phosphate  rock  feed 


Assuming  that  output  is  roughly  equivalent  to  feed  quantity,  emissions  can  be  converted  into  Ib/bu  of  corn  using  the  relationship  that  3,5  tons  of  phosphate  rock 
are  used  to  produce  one  ton  of  P205  (2). 


»n  (p  o) 
^  o  o  in 
o  o  o  o 
o  o  o  o 
dodo 


w  c  c  _ 

■—  $  ^ 

E  S’  (D  <tj  o 

UJ  Q  O  O  H 


•  s  ?  ?  ?  ?; 

1_  1_  »_  fO 

®  TO  _CD  X 

£  3  D  3  Z 

™  y  y  y  « 


ra  o  -a 

LJ  OT 

^  s « 

3  I  ?  -a 


Notes:  Since  we  know  the  amount  of  methane  (and  hence  carbon)  used  as  a  feedstock  for  nitrogen  fertilizer  production 
we  can  calculate  a  bound  on  process  related  C02  emissions. 


Feedstock  M  21 .78  million  btu/lon  ammonia 

26.46  million  btu/ton  N 
13,241  Btu/IbN 
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Physical  and  Chemical  Characteristics  of  Nitrogen  Solution 
(28%  N  in  solution) 


Emissions  (ib/bu) 

Particulate  Ammonia 

Type  of  Oper Uncontrolled  Controlled  Uncontrolled  Controlled 
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Emission  Factors  (Ib/ton) 

Particulate  Ammonia  Nitric  Acid  Notes 

Process  Controlled  Uncontrolled  Uncontrolled  Controlled 

Neutralizer  4.345  0.217  18.44  1.042  Ammonia  emission  factor  given  as  range  from  0.86  to  36.02.  Nitric  acid  from  0.084  to  2 

Evaporation/  0.52  -  16.97  -  Ammonia  emission  factor  given  as  range  from  0.54  to  33.4. 
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Emission  Factors  (Ib/ton  N) 
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Conversion  ES02  Emissions 
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Notes;  According  to  AP-42  about  81%  of  sulfuric  acid  production  is  from  elemental  sulfur  burning.  Average  emission  factors  are  calculated  above  using  the  elemental,  bright  virgin,  and  dark  virgin  sulfur  factors. 


The  uncontrolled  and  controlled  factors  are  then  averaged. 
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Sheet  Description:  This  sheet  includes  the  life-cycle  inventory  components  for  the  transport  of  com  firom  the  producer  to  a  refining  facility,  including  intermediate  storage  and 

processing  common  with  com.  Contrary  to  some  literature  assumptions  atx>ut  the  primary  mode  of  transport,  because  of  the  large  volumes  of  com  consumed 
at  typical  facilities,  the  primary  mods  is  rail.  Com  is  also  most  commonly  shipped  to  a  grain  elevator  for  storage  before  shipping  to  the  mill.  At  the  grain 
elevator  several  processing  operations  are  carried  out.  The  impact  of  these  operations  is  included  here. 


21  United  States  Environmental  Protection  Agency.  1985.  Compilation  of  Air  Pollutant  Emission  Factors,  AP-42  Fourth  Edition. 
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Grain  Shipped  by  Farmers  lo  Country  Elevators  (3) 


of  representing  (he  average  requirements  to  transport  com. 
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Notes: 

Semi  53,200  lb  Data  provided  by  Philip  Baumel 

Tandem  Axle  33,600  lb  Data  provided  by  Philip  Baumel 

Single  Axle  16,800  lb  Data  provided  by  Philip  Baumel 
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Carbon  Dioxide  Emission  Factor  Quantity  Units  Source 

Diesel  19.95  kg/million  btu  (2) 

161.16  Ib/million  btu 


Table  10  Particulate  Emissions  from  Uncontrolled  Grain  Elevators 


iiiii  i  i; 


Page 


Corn  Trans , 


iiiiiiii 


CO _ _ 

=5”lULUUJlUlUUiUJ 
c  3333333 

eyn 

«-X  <<<<<<«t 

II 

"  o 

g  ss  ^  ^  s?  ^  ^ 

■r;Oo^cor»-r^o 
Q  <N  CM  CM  in 


«  £ 


S.  UJ  uJ 


2  <  < 


11 


j  SS  s?  ^  ss 
ISSSS 


«ooo§.os  P 

Q.C0OOIZ<O 


onco^Nmoo 

cMOor^ooi^m 


J*  .E 
^  2 
"  O 


S.OCOOOOOO 

^UJUILLiujuJUlUJ 

aSUSSSSS 

I-  »-  (o  V  id  T-'  to 


If 

»-  K 

■c 

S. 

M 

c 

s 

h* 

II 


UJ  ui  UJ  Ui 

CJ>  CM  CJ)  II- 

O  h*  I-»  O 


Page  10 


Page  11 


Corn  Trans. 


«  ®  ®  ®  ®  « 
1  e  E  E  1  E 


«-;0>r^OCM»- 
ui  r\t  CN  (b  ed 
^  o  «-  o  « 


Page  12 


Product  of  weighting  times  emission  factor 
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Estimates  of  Energy  Intensity  of  Ethanol  Production 


mo  oeo  oo>  v-CNj 

ot-  coo>  mh» 

csi  p.  P.  ^  CO  m 

V  -«-■  m‘  <D  '<!r 


<U  T- 

W  oi  ^ 

^  -S  5 

CD  O  > 

O)  ^  ^ 


Personal  Communication,  Damon  Horn,  A.E.  Staley,  Stanfield,  OR. 
Personal  Communication.  Mick  Persinger,  Penwest,  Richland,  WA. 
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Notes:  Based  on  this  estimate  the  energy  intensity  of  wet  com  milling  has  dropped  significantly  since  1977.  This  seems  fairly  reasonable  in  such  a  long  time  frame. 
It  can  also  be  compared  to  the  energy  intensity  estimate  for  ethano  2,417  Btu/lb.  This  suggests  that  our  estimate  is  at 

least  in  the  ballpark  for  com  processing  at  wet  mills. 


utility  Data  Institute.  1995.  EEi  Power  Statistics  Database. 
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If  all  starch  were  converted  to  Glucose,  the  yield  would  be: 


the  calcium  in  the  bed.  This  reaction  involves  the  conversion  of  calcium  carbonate  Into  calcium  oxide  (CaC03  ->  CaO)  and  the  subsequent  formation  of  CaS04  from  S02. 
Thus  two  moles  of  S02  are  removed  for  every  mole  of  Ca.  In  addition,  C02  is  emitted  in  the  process. 


Ash  Production  from  Coal  Ash  and  Sulfur  Removal 
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INDIANA  MICHIGAN  POWER  CO  ROCKPORT 1  IN  1993  4718.8  4.81  22697.43 

INDIANA  MICHIGAN  POWER  CO  ROCKPORT  2  IN  1993  4842.8  4.86  23536.01 

COMMONWEALTH  EDISON  (IN)  STATE  LINE  3  IN  1993  384.3  3.59  1379.637 

COMMONWEALTH  EDISON  (IN)  STATE  LINE  4  IN  1993  406.4  4.4  1788.16 

CEDAR  FALLS  UTILITIES  STREETER  6  lA  1993  1.6  8.4  13.44 
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PSl  ENERGY  INC  GIBSON  3  IN  1993  1751.3  1.43  2504.359 

PSI  ENERGY  INC  GIBSON  4  IN  1993  1612.6  1.43  2306.018 

PSl  ENERGY  INC  GIBSON  5  IN  1993  1628.9  2.89  4707.521 
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LOGANSPORT  MUNI  UTIL  L0GANSP0RT5  IN  1993  49  0.77  37.73 

lOWA-ILLINOIS  GAS  &  ELEC  LOUISA  1  lA  1993  2157.7  0.34  733.618 

SOUTH  ILLINOIS  POWER  COOFMARION  (IL)  1  IL  1993  21  2.55  53.55 

SOUTH  ILLINOIS  POWER  COOfMARION  (IL)  2  IL  1993  12  2.52  30.24 


OOCDOOCD^^Oh-lOOOT-OO^ttO^’^mCOlOmoO'^CNJOOCMCOCNJCOCM 
v4-  _  fr\  ir\  ^1  rT\  nr»  fr\  r<ri  r\.t  nrt  rvi  <Y\  lO  00  05  lO  ^  CO 


T—  uu  u-»  w  vu  >r  ^  ^ 

Troor^'^^coLocMOcocococsj 
'OOOCOOO  ‘^i/iTk  —  <^rr»rri 


O  00  CO 


CO  o  o  CM  00 

r-  O)  00  • 


COlOCMOOCOOCO^^^CJ>lOh-CDCJ)^r^^^^ 
CMCO’M'N-COOOOOOC3)CMOOin  mrhrviN^  en 


00  CO  O  00 


CO  O  Tf 

T“  ^ 


CO  0>  CM  h- 
C35  T-  T- 


lO  C35  1^ 


>1  A  I  A  •■4,/  Wi^  1^ 

CDCOh-COOOOO-M-COOOCO 
CO  CO  LO  CO  00  C35  M* 


r^COr^CD<3)COi005t^T“OOI^'M’'M‘lOOOOOlOLOlOiOCM 


iocDO)C3)C7)’M'M;ioo)oqh-^cqiqcqv^cM 

CMCMCMCMCMCOCOT-^'r-^CMCM’«”CMC>OCOCM 


CM  CM  CO  -M-  CO  ^  tT 


CM  CM  CM  CM 


CO  CO  N-  O  o> 
CO  C!)  CD  CD  CO  CM 


COCOOOOOM'OOCM'^-^lOCDCOCMO 
'^tcDCOOCJ'M^COCOCDCOCDN^lriS 
^  T-T-ioooo>h-T-coooco<j>ii 
^T-COCOIO  LO^^ 


COOOCJ5^r^COC3>^CD<J)^^'M-COCO 

CM'TcD^cdcM’r-^COCMr^CDCDCMCTJod 


lO  to  CD  (O  CO 


CO  CM  lo  lO  CO 


cocococococococococococococococococococococococococococococo 

0)CJ>CD0>0505CD050>(DCD050>CD05CDCDCJ)CD<D05CDCDCDCJ>0>CDCDC3>C3> 

CDCDCDCD<Da>CJ>CJ)CDCDCDCDCDCDCD0>0>0)0)05CDCDCD0>CDCDCDCDCDCD 


Z  <  <  < 


z  <  z  z 

-M-  LO 


h-  00 
LU  LU 
CM  Z  Z 
CL  I-  h- 
CL  <  < 

<  o  o 

^  CO  CO 
-J  3  ^ 


^a:  cn 

^  LU  LU 


0  5^ 

ill 

0-0.0. 

t!  lii  uj 
5  ?  z 
H  h-  I- 
(0  <  < 
Di  o  o 

tu  CO  w 

b  3  :3 


NO  INDIANA  PUBLIC  SERVICE  RMSCHAHFER17IN  1993  705.6  2.91  2053.296 

NO  INDIANA  PUBLIC  SERVICE  RMSCHAHFER18IN  1993  694.9  2.93  2036.057 

INDIANA  MICHIGAN  POWER  CCROCKPORT 1  IN  1993  4718.8  0.31  1462.828 


OO^CDCNJOOO>CMinTrcOCOOOrtCDOO^<OCDCMN.'^0>0)OOCOCOlOCMin 

cocoiococoo>coiocoooc3>cocomcsjr^cooocD'^'^m’^CMOcO'^cM 


CN|Ocsi’^'^inO)COCDi^y^inoO<Dh-h-COCMOOU>N.^O’^CNI 

T-cDCD^odocor^iricDT-cdcdr^’odtD^.  ^^odcsicD'^^'r-^ 


^  N.  r- 


’^^CDO'^’^OOOCD 
T“CM^J-CsJCOinOOCOt“lO  CMx-t~ 
CO  CO  CM  CO  X-  CM 


CM  CM 
T-  M* 


^COM‘!>C7>T-T-T“C3>r-.r^OOCMT-CMCOCMCMCMCMOOU5h-h-COCO'*“v-CO 
CDCD  CMCMT-'r^T-d  CMCMCMCMCMCMCMCMCMCMCidcDCMCMdCDC:) 


oqcoM;cocMC3>CMiocqc3)M;'r“CM(DCJ)cocooOT-mcoM’i^M’CMCMmcMin 


CM  M-  CO 
M-  CO  O 
CO  CO  M- 


cocj>coincocMM'CM 


CM  CO  r- 


CO  C3>  CO  CM 


h-OM.r^'CO'c-OOM* 
M-I^IOCOCOCOCDCOM-C^O) 
T“T~N-’^r^o)<3>T“N-co 
T-  T-  X-  LO 


coco^cocococococococococococococococococococococococococo 

Opg)C3>0>C7)CI>CJ><J)CDC3>CJ>C7>0)CJ>C3>C35CT>0>a)CJ)CJ)C3^0CJ>C3)C35CJ>0>C3> 

C3>CJ)a^C3>C3>CJ>0^C35C3>0>C3>C3>C3><J)C3)C3)C3>05C3^0)CJ>C3)C3>C3>Cy)CJ>C3>C7>C3> 


z<<<<<2:z2::2^_j2zzz 


_l  z  z  _l  _J 


't-  CM  CO 
CO  M-  .  Cl  Q  Q 

m  m  ^  z  z  Z 

^  ^  a:  a:  <  <  < 

=  =  LLI  LU  — •  -J 

-I  -I  i_  q:  q:  q: 
LU  LU  LU  LU  UJ  LU  LU 

h-  H  UJ  111  X  X  X 

<C<CCCXHHI— 
I-  h-  h-  I-  3  3  3 

CO  CO  CO  CO  CO  CO  CO 


X  a:  q: 

Lli  LLI  LU 

CO  CO  ^  ^  ^ 

□J  Uj  ^  o  o 

p  ^  0-  CL  Q. 

□  □  o3  0^5  oa 

^  ^  X  X  X 

_J  _l  — I  — I  -J 

^  o  o  o 

<  <  LU  LU  LU 

LL  Li-  _J  _J  _J 

q:  q:  LU  LU  LU 

<  <  <  <  < 

Q  Q  §  §  ^ 

LU  LU  ^  ^  ^ 

o  o  P  Q  Q 


^ 

LU  UJ  UJ 
LU  LU  LU 

q:  a:  CL 

o  o  o 

CO  CO  CO 
X  CL  CL 
LU  LU  LU 


<  <  < 

b  b  b 

o  o  o 

CL  CL  CL 
LU  LU  UJ 

III 

CL  X  CL 

Z  X  X 
<  <  < 
o  g  o 

XXX 

o  o  o 
2  2 

<  <  < 
XXX 
<  <  < 
Q  Q  Q 


X  X  E 

g  o  ^ 

=!  =!  CO 

^  ^  ^ 
q:  q:  5? 

UJ  LU  S 

>  >  5 


q;  o£  o 

HI  UJ  2 

81s 

CL  CL  S 


o  o  n 

Q.  Q.  g 
52  w  LU 

o  O  Z 


<  <  < 
0  CD  O 
LU  UJ  LU 
iL  iL 
3  3  3 
<  <  < 

o  o  o 

o  o  o 

XXX 

o  o  o 

g  g  g 
Q  Q  Q 
UJ  UJ  UJ 

XXX 

1-1-1“ 

III 

XXX 

o  o  o 


>  >  T-  CM  CO 

CL  CL  ^  > 

UJLUHl-f- 
H  h-  X  X  X 

<<333 

§  §  o  o  o 

UJ  LU  O  O  O 


§  i  i 
o  o  o 
o  o  o 

XXX 

o  o  o 

g  g  g 
Q  Q  Q 
LU  UJ  UJ 


u  u  <  <  < 

CL  CL  UJ  LU  LU 

Q  Q  §  §  § 

z  2  X  X  X 

o  O  o  o  o 


ooo99ooo 

OOOCLCLOOO 


COMMONWEALTH  EDISON  CO  WILL  COUNTY  4  IL  1993  1069.8  0.32  342.336 

ILLINOIS  POWER  CO  WOOD  RIVER  (I L)  I L  1993  87.4  0.68  59.432 

ILLINOIS  POWER  CO  WOOD  RIVER  (IL)  IL  1993  683.1  0.69  471.339 


total  96843.05  291.93  148593.7904 

AVERAGE  1.79 
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Acrylonitrile  Kg/kg  Acrylonitrile  8.52302E-09  Kg/kg  Acetonit  6.93905E-09 
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TABLE  1.  INVENTORY  FOR  BASELINE  PBXN-109  DEMILITARIZATION  PROCESS 
(All  units  in  Ib/bomb,  except  electricity  in  kwh/bomb) 
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TABLE  2.  INVENTORY  FOR  OPTION  1  PBXN-109  DEMILITARIZATION  PROCESS 
(All  units  in  ib/bomb,  except  electricity  in  kwh/bomb) 
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TABLE  3.  INVENTORY  FOR  OPTION  2  TNAZ  DEMILITARIZATION  PROCESS 
(All  units  in  Ib/bomb,  except  electricity  in  kwh/bomb) 
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TABLE  4.  INVENTORY  FOR  OPTION  3  TNAZ  DEMILITARIZATION  PROCESS 
(All  units  in  Ib/bomb,  except  electricity  in  kwh/bomb) 
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C  0  0.00  0.00  0.00  0.00  0  0 

Flue  Gas  0  0.00  0.00  0.00  0.00  0  0 

Total  gaseous  pollutant  0  0.00  0.00  0.00  0.00  0  0 

AI203  0  0.00  0.00  0.00  0.07  0  0.069856 

Ash  0  0.00  0.00  0.00  0.07  0  0.069856 
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Natural  gas 


Mwt  heat  value  Rio  Arriba,  Terrell,  TexStanton,  KaSan  Juan,  f€lds  Field,  Cliffside,  Texas 
mol%  MJ/M''3 


Methane 

16.043 

37.57 

96.91 

45.64 

67.56 

77.28 

52.34 

65.8 

ethane 

30.07 

65.83 

1.33 

0.21 

6.23 

11.18 

0.41 

3.8 

propane 

44.097 

93.6 

0.19 

3.18 

5.83 

0.14 

1.7 

butane 

58.123 

120.98 

0.05 

1.42 

2.34 

0.16 

0.8 

pentane+ 

72.15 

148.84 

0.02 

0.04 

1.18 

0.41 

0.5 

C02 

44.01 

0 

0.82 

53.93 

0.07 

0.8 

8.22 

H2S 

34.076 

23.7 

0.01 

35.79 

N2 

28.013 

0 

0.68 

0.21 

21.14 

1.39 

2.53 

25.6 

avg 

SD  (ret) 

Mol  wt: 

16.62585 

31.182 

20.92126 

21 .28362 

25.49289 

20.44567 

19.61024 

10.79°/ 

heating  valiMJ/M'^3 

37.6 

17.3 

34.9 

46.8 

30 

30.7 

39.76667 

12.81°/ 

MJ/KG 

50.65847 

12.42768 

37.36678 

49.25478 

26.36029 

33.63451 

45.76001 

13.03°/ 

0.0224M''3/mol 

too  high 

too  high 

too  low 

C02 

Sulfur 

heating 

content  for 

content 

value(?) 

use 

Source:  Kirk  Othmer  Ed  4  vol  12 

1993 

MJ/m''3 

Heating  values  for  processed  city 

natural  gas: 

source  Perry  6  (1984) 

averaged  from  table  9-14 

Btu/scf 

1049.571 

Synopsis 

of  table  9-14 

Mwt 

heat  value 

Baltimore 

Columbus 

Houston 

BurmingharWashingtonPhoenix 

mol% 

MJ/M^3 

Md 

Ohio 

Tx 

Al 

DC 

Az 

Methane 

16.043 

37.57 

94.4 

93.14 

92.5 

93,14 

95.15 

87.37 

ethane 

30.07 

65.83 

3.4 

3.58 

4.8 

2.5 

2.84 

8.11 

propane 

44.097 

93.6 

0.6 

0.66 

2 

0.67 

0.63 

2.26 

butane 

58.123 

120.98 

0.5 

0.22 

0.3 

0.32 

0.24 

0.13 

pentane+ 

72.15 

148.84 

0 

0.09 

0 

0.12 

0.05 

0 

C02 

44.01 

0 

0.6 

0.85 

0.27 

1.06 

0.62 

0.61 

H2S 

34.076 

23.7 

0.01 

N2 

28.013 

0 

0.5 

0.21 

21.14 

2.14 

0.42 

1.37 

avg 

SD  (rel) 

Mol  wt: 

17.12629 

16.93912 

23.38022 

17.32821 

16.9628 

18.17984 

18.31941 

15.84°/( 

heating  valiMJ/M''3 

39.2023 

38.3444 

38.4563 

38.1952 

38.8666 

39.9483 

38.83552 

1.10°/ 

MJ/KG 

51.27388 

50.70597 

36.84401 

49.37455 

51.32477 

49.22167 

48.12414 

13.30°/ 

0.0224M''3/mol 


lanufactured  gas 


ata  from  KO  2  (1 964)  for  "modern  mechanical  method"  Gas  gas  heat  value  Tar  data 


Moisture 

Heating  valueBtu/lb 

Gas  yield ; 

scf/ton 

gas  Ib/lb  co  Gross  heat  value  Btu/s 

Btu/ton  coa  Btu/lb  coal  Tar  yield  gal/ton 

wet 

dry 

wet  base 

dry  base 

wet  base 

dry  base 

wet  base 

wet  base 

wet  base 

dry  base 

nthracite 

0.051 

10800 

11380.4 

123900 

130558.5 

138 

145.4162 

17098200 

8549.1 

9.5 

10.01054 

elgian  Co 

0.026 

11980 

12299.79 

120900 

124127.3 

150 

154.0041 

18135000 

9067.5 

1 

1.026694 

addesley 

0.05 

12080 

12715.79 

116100 

122210.5 

3.581182  165.6 

174.3158 

19226160 

9613.08 

21 

22.10526 

On  the  basis  of  10%  tar  production  in  the  process  the  Baddesley  type  coat  is  used 
This  coal  then  provides  961 3.08  gas  heating  value  in  Btu/lb  coal 


Iaddesley  coal  ga 
3mpositiorMWt  vol% 


02 

Ikyls 

44.01 

6.7 

•2 

31.9988 

0 

0 

28.016 

25.3 

2 

2.0158 

21 

H4 

16.043 

1.8 

2 

ias  Mwt 

28.013 

23.41069 

45.2 

leal  gas  density  of  producer  gas 
0.9882  kg/m^3 
1.061691  Ib/scuf 


02  per  mol  mol  02  per  mol  gas 


0 

0 

0 

0 

0.5 

0.1265 

0.5 

0.105 

2 

0.036 

0 

0 

0.2675 

mol  02  per  mol  gas 

0.365631 

kg  02  per  Kg  gas 

1.580041 

kgair/kg  gas 

d=Mw/0.0224 


0.578864  mol  air  producing  mol  gas 
1 .277093  mol  air  to  bum  mol  gas 
1 .855957  mol  air  used/mol  gas 
2.296221  kg  air  used  /  kg  gas 


hysical  data 

Jensity  of  T  75  Ib/cuf 
1200  kg/m^3 
10.01449  Ib/gal 
inits 

Icf  is  volume  in  cubic  feet  at  60  Farenheit  and  30"  Hg 


lensity 


Perry  6  (1984) 


KO  2  (1964) 


nergy 


288.7056 

42.2115 

0.02369 

Ib/cuf 

Ib/ga! 

kg/m'' 3 

Perry  6  (1984) 

0.062428 

0.008345 

1 

7.480519 

1 

119.8264 

1 

0.133681 

16.01846 

ton  (short  - 

lb 

kg 

Perry  6  (1984) 

1 

2000 

2.204623 

1 

"Hg 

N/m''2 

atm 

psia 

Perry  6  (1984) 

1 

3376.9 

0.033327 

0.489775 

2.041754 

6894.8 

0.068046 

1 

30.00533 

101325 

1 

1 

14.69586 

MJ/m''3 

btu/scf 

Perry  6  (1984) 

0.0373 

1 

MJ 

Btu 

Perry  6  (1 984)  for  steam  table  values 

0.001055 

1 

molar 

dry  air  composition 

Mwt 

kg  air  per  kg 
mass  compcomponent 

N2 

0.78084 

28.0134 

0.75521 

1.324134 

02 

0.20946 

31.9988 

0.231406 

4.321406 

C02 

0.00033 

44.01 

0.000501 

1994.319 

Ar 

0.00934 

39.948 

0.012882 

77.62792 

total 

0.99997 

28.96409 

1 

Coal  type 

Moisture 

Sulfur 

Heat  value 

% 

% 

%dry 

Btu/lb 

Btu/lbdry 

Sub  bit  C 

26 

0.3 

0.41 

8230 

11121.62 

HV  bit  A 

2.9 

0.6 

0.62 

14170 

14593.2 

low  sulfur  coal  heating  value 

Sub  bit  B 

22.2 

0.5 

0.64 

9610 

12352.19 

Brown  Coa  German  - 

R  55 

0.3 

0.67 

4830 

10733.33 

Sub  bit  A 

13.9 

0.6 

0.70 

10330 

11997.68 

SD=  1295.775  0.108169 

Meta  Anthracite 

9 

0.7 

0.77 

10080 

11076.92 

Avg=  11979.16 

TTS  U:B2  14400  14830.07  median 

0.8  0.84  12880  13458.73  27.86352  MJ/kg 

0.9  1.42  7000  11075.95  dry  base 

1.5  1.54  14490  14846.31 

1.7  1.74  13700  13993.87 

2.6  2.79  12390  13279.74 

2.9  3.43  10740  12695.04 

bit=Bituminous 

V=Volatility 

L=low 

M=Medium 

H=high 

Source:  Kirk  Othmer  vol  4  1949 


It 


Anthracite 

4.3 

Lignite 

36.8 

MV  bit 

2.4 

Semi  anthracite 

2.1 

HV  bit  B 

6.7 

HV  bit  C 

15.4 

